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1Executive Summary
The polar regions play a critical 
role in Earth’s climatic and geody-
namic systems. Although located 
far from the main centers of human 
civilization, the polar atmosphere 
and oceans have strong global con-
nections and therefore directly af-
fect global weather, climate, and the 
world’s population. Over geologic 
time scales, Antarctic geodynamic 
processes are a major infl uence on 
ice-sheet dynamics and global envi-
ronmental change, which affects cur-
rent and long-term, large-scale sea-
level changes.
Currently, we have a physically 
based, conceptual understanding of 
many of the signifi cant interactions 
that impact climate and the Antarctic 
environment. To transform this con-
ceptual understanding into quanti-
tative knowledge, it is necessary to 
acquire geographically diverse sets 
of fundamental observations at a 
range of spatial and temporal resolu-
tions. Satellite data provide needed 
continent-wide coverage, but they 
often have limited spatial resolution 
and provide virtually no sub-sur-
face information. They also require 
extensive calibration and valida-
tion, which can be diffi cult or impos-
sible to obtain in the Antarctic. Data 
collected from remote fi eld camps, 
seagoing vessels, and small aircraft 
provide only point sources of infor-
mation on a continental scale. The 
mobile research platforms currently 
in use lack the capability to sam-
ple rapidly enough to include the 
daily to weekly time scale of atmo-
spheric and oceanic processes over 
continent-wide scales. The spatial-
scale gap and temporal-scale gap in 
data collection can best be fi lled by 
a long-range, ski-equipped aircraft 
dedicated to Antarctic research. 
To address these data gaps, the 
Antarctic solid Earth, glaciology, 
atmospheric science, and oceano-
graphic communities came together 
at a workshop in September 2004 in 
Herndon, Virginia. At the workshop, 
they formulated a scientifi c justifi ca-
tion for a long-range research avia-
tion facility and identifi ed key sci-
entifi c questions that need to be ad-
dressed (Table 1). Target areas extend 
over both continental and oceanic 
regions. Different survey designs and 
sensor confi gurations are required to 
address each key question. Workshop 
participants defi ned several generic 
mission profi les that would achieve 
most scientifi c goals.
Common to all mission profi les 
is the need for an aircraft capable 
of carrying an integrated payload 
of remote-sensing and in situ in-
strumentation over long distances. 
Almost all mission profi les require 
data acquisition in regions more than 
a thousand nautical miles from ex-
isting landing sites for wheeled air-
craft in Antarctica. To get to the tar-
get area and be able to survey for 
several hours requires aircraft en-
durance of at least 10 hours or the 
ability to refuel in remote locations. 
Flights that maintain altitudes from 
a few hundred meters to at least 7 
km are required. Atmospheric phys-
ics and chemistry research require a 
long-range aircraft with signifi cant 
load-carrying capability. Payload re-
quirements range from 2,500 lbs for 
solid Earth and glaciology missions 
to 12,000 lbs for atmospheric chemis-
try missions. 
The range of instrumentation that 
needs to be supported, and the wide 
variety of data that will be collected, 
by a multidisciplinary, instrument-
ed, long-range research aircraft cre-
ates operational complexity, which 
requires a central management and 
operations facility. Existing research 
aviation facilities generally do not 
cover the broad range of disciplines 
represented at the workshop and do 
not support the variety of sensors en-
visioned for the long-range Antarctic 
research aviation facility. The devel-
opment and operation of such a facil-
ity would be a unique undertaking.
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What are the interactions between the tectonic and climatic evolution of 
Antarctica?
What are the distribution, nature, and origin of sub-glacial lakes and what is their 
relation to crustal structure and heat fl ow?
What is the volume of the ice sheets and the range of sea-level fl uctuations on dif-
ferent time scales?
What role did East Antarctica play in the Precambrian continental growth process?
What was the timing and magnitude of Mesozoic to Cenozoic extension in 
Antarctica and how did it affect the global plate-motion circuit?
G
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y What is the relationship between climate change and the ice sheets?
What are the controls and interactions governing ice-sheet dynamics?
What are the distribution, nature, and interconnection of sub-glacial lakes?
What are the current dynamics of coastal areas?
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What is the interannual variation in sea-ice thickness on a basin-wide scale?
What role does water densifi cation in polynyas and beneath ice shelves play in the 
global ocean meridional overturning circulation? 
How does deep-ocean water temperature vary over interannual scales? 
Over what distances does sea ice drift in the Antarctic Zone from the time it forms 
to when it fully melts?
What role do marginal ice zones play in physical and biological activity?
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s What role does the Antarctic atmospheric heat sink play in global climate?
How does the mountainous topography of Antarctica impact the global 
atmospheric circulation?
What role do the Antarctic ice sheets play in global sea-level variations?
What is the nature of air-sea interactions over the Southern Ocean?
How is the chemistry of the high southern latitudes tied to Antarctic 
atmospheric circulation?
31.1. MOTIVATION
Aircraft are an integral component 
of the complex logistical system nec-
essary for research in the Antarctic. 
They are essential for transport of 
personnel and supplies to and from 
the continent, and among permanent 
stations and temporary research sites 
on the continent. Aircraft are used, 
often in conjunction with ground-
based stations and transportation, 
as platforms from which to carry 
out research on the vast expanses 
of snow and ice that comprise both 
the Antarctic continent and the sur-
rounding ocean. Seagoing vessels 
contribute to Antarctic science by 
providing logistical support for near-
coastal stations and by providing 
platforms for research on the ice-cov-
ered portion of the Southern Ocean. 
Data from a variety of polar-orbit-
ing satellites contribute to our ability 
to gather information, especially on 
the continental ice cap, in the atmo-
sphere, and on the seasonally vary-
ing sea-ice cover.
Platforms now used for research 
in the Antarctic have served us well, 
allowing for the success of a large 
number of research projects focused 
on continental, atmospheric, and 
oceanic processes. Our knowledge 
1. Introduction
has, however, advanced to an extent 
beyond which progress is increas-
ingly limited by the range of avail-
able research platforms, especially 
over the Antarctic continent, but also 
over the surrounding ocean. Detailed 
observational programs suitable for 
process studies are carried out over 
restricted areas, their extents limited 
by the range of the terrestrial trans-
portation and small aircraft used to 
reach outward from research sta-
tions or seagoing vessels. Use of tem-
porary terrestrial research stations 
is limited by logistical constraints 
such as aircraft range and insuffi -
cient landing facilities for wheeled 
aircraft. Consequently, our under-
standing of the Antarctic geophysi-
cal environment is limited primar-
ily to regions around major stations 
such as McMurdo. A large swath 
of East Antarctica remains virtually 
terra incognita because we are unable 
to reach it using available aircraft. 
Further, present temporary stations 
can only provide information in a 
piecemeal fashion; to study a time-
varying and dynamic feature such 
as the ice sheet, or the surrounding 
ocean and its sea-ice cover, data must 
be collected simultaneously. Polar-or-
biting satellites provide some types 
of surface information continuously 
over the entire continental and oce-
anic region, but do not provide the 
subsurface information necessary to 
understand the underlying process-
es. Missing from the current array of 
platforms available to the Antarctic 
research community is an instru-
mented, long-range aircraft for ob-
serving the Antarctic in its entirety. 
Many nations use aircraft as re-
search platforms for polar science. 
During the 1970s, the United States, 
United Kingdom, and Denmark used 
an LC-130 for aerogeophysical map-
ping of large parts of Antarctica and 
for atmospheric science. Since the 
loss of the science LC-130 in 1987, 
our picture of the geology and geo-
physics of East Antarctica has not 
evolved much and the lack of a re-
search platform has had a devastat-
ing impact on atmospheric sciences 
research in Antarctica. Over the past 
several years, both the solid Earth 
and atmospheric science commu-
nities held several workshops that 
considered the possibility of us-
ing aircraft as a research platform. 
Triggered by the loss of the Support 
Offi ce for Airborne Research (SOAR) 
aerogeophysical facility in 2001, the 
solid Earth and glaciology commu-
nity met at the REmote Views and 
Exploration of Antarctic Lithosphere 
4(REVEAL) workshop in 2002 to 
discuss the need for a new facility. 
This workshop was followed by the 
FASTDRILL, Structure and Evolution 
of the Antarctic Plate (SEAP), and 
Frontiers and Opportunities in 
Antarctic Geosciences workshops 
that all concluded that aerogeophysi-
cal mapping is crucial for advancing 
geological and glaciological research 
in Antarctica. For the atmospheric 
science community, efforts associ-
ated with the Antarctic Ross Island 
Meteorology Experiment (RIME) and 
the Antarctic Tropospheric Chemistry 
Investigation (ANTCI) projects, to-
gether with the decision that the 
NSF/NCAR C-130Q cannot operate 
out of McMurdo, led to the conclu-
sion that an Antarctic long-range re-
search aviation facility is needed to 
achieve the key scientifi c goals out-
lined in these projects. The growing 
interest in an airborne research plat-
form in the solid Earth, glaciology, 
atmospheric science, and oceanogra-
phy communities over the past sev-
eral years resulted in the planning 
of the Scientifi c Opportunities for a 
Long-Range Aircraft for Research in 
Antarctica (LARA) workshop that 
brought together scientists to for-
mulate a scientifi c justifi cation for a 
long-range research aviation facility. 
1.2. WORKSHOP OBJECTIVES
From September 27-29, 2004, the 
National Science Foundation (NSF) 
Offi ce of Polar Programs sponsored 
the LARA workshop on scientifi c op-
portunities for a multidisciplinary re-
search aircraft for Antarctic research 
at the Days Inn and Conference 
Center in Herndon, Virginia. The 
LARA Steering Committee adver-
tised and organized the workshop. 
Participation was open to everyone 
interested. More than 60 research 
scientists, broadly representing 
Antarctic solid Earth sciences, glaci-
ology, physics and chemistry of the 
atmosphere, and oceanography, at-
tended the workshop (Appendix 1). 
The overall goal of the workshop was 
to: (1) identify the key scientifi c ques-
tions in Antarctic science that cur-
rently cannot be addressed because 
of a gap in our observational capa-
bilities; (2) develop a strong scien-
tifi c justifi cation for the required new 
research tools; and (3) provide NSF 
with recommendations on the re-
quirements for a long-range research 
aviation facility. 
1.3. WORKSHOP AGENDA
The morning of the fi rst day of the 
workshop was devoted to key-
note presentations for each disci-
pline, followed by a short discussion 
(Appendix 2). This session was in-
tended to give an overview of each 
discipline’s key scientifi c questions 
and was targeted mainly for scien-
tists outside the speaker’s particular 
discipline. Together with a poster ses-
sion after lunch (Appendix 3; also see 
http://polarmet.mps.ohio-state.edu/
lara for oral presentations and poster 
abstracts), the keynote presentations 
served as a catalyst for afternoon dis-
cussions in four breakout groups. 
The goal of the breakout group dis-
cussions was to identify the most ur-
gent scientifi c questions in geology 
and geophysics, glaciology, oceanog-
raphy, and atmospheric sciences that 
can only be addressed using a long-
range research aircraft. The second 
day of the workshop began with pre-
sentations by the breakout groups’ 
discussion leaders from the previous 
day. Each 15-minute talk summarized 
key scientifi c questions identifi ed by 
the breakout groups and specifi ed 
the capabilities and data sets needed 
to address these questions. Each talk 
was followed by 10 minutes of dis-
cussion. During late morning of the 
second day, participants presented 
examples demonstrating the capa-
bilities of, and opportunities for, re-
search aircraft. This session included 
talks on possible instrumentation of a 
long-range aircraft. The afternoon of 
the second day focused on an over-
view of existing research aviation fa-
cilities and models for management 
structure. Later in the afternoon, a 
panel-led discussion focused on the 
desired facility models and instru-
mentation. The last day of the work-
shop started with two invited talks 
from aircraft operators representing 
the Polar Research Support Section. 
This session was intended to give 
scientists an overview of aircraft op-
erations and safety considerations for 
5polar research aircraft and to address 
issues that will be important to the 
production of a research aircraft. The 
fi nal set of talks focused on data poli-
cies, data management, and data ar-
chiving. The workshop concluded at 
noon on the third day. 
Prior to the workshop, prelimi-
nary scientifi c goals for each dis-
cipline were distributed over the 
workshop website; a web-based dis-
cussion forum was set up to give 
non-participating scientists an op-
portunity to provide input. The fi nd-
ings and recommendations in this 
report refl ect the discussions and 
conclusions from the workshop and 
the web-based input.
62.1.1. SCOPE AND RELEVANCE
Antarctica is a key element in Earth’s 
geodynamic and climatic systems. 
The present-day Antarctic continent 
played a central role in the formation 
and break-up of both the Rodinia and 
Gondwana supercontinents. The ear-
ly Cenozoic break-up of Gondwana 
resulted in a major rearrangement 
of the continental masses, which iso-
lated Antarctica from mid-latitude 
oceanic infl uences by establishing 
the Antarctic Circumpolar Current 
(ACC). This event was largely respon-
sible for development of the West 
and East Antarctic Ice Sheets (WAIS 
and EAIS) that blanket 98% of the 
continent and fundamentally infl u-
ence world climate today. Despite the 
strong links of Antarctica to the global 
geodynamic and climatic systems and 
the central role that Antarctica has 
played in shaping the present global 
environment, its kinematic relation-
ship to the global plate circuit and its 
role as substrate to the world’s major 
ice sheets remain in question.
Present understanding of the 
Antarctic continent’s geologic and 
2. Scientifi c Targets for LARA
2.1. ANTARCTIC GEOLOGY AND GEOPHYSICS
tectonic development is largely de-
rived from sparse rock outcrops along 
its perimeter. Knowledge of the geo-
logical structures from surrounding 
continents, such as Australia, south-
ern Africa, and South America, com-
plements the limited geologic infor-
mation of vast parts of Antarctica. To 
date, geophysical mapping of the ice-
covered continent’s interior has been 
limited to reconnaissance expeditions 
during the International Geophysical 
Year in 1957, isolated over-ice tra-
verses, and aerogeophysical profi ling 
projects funded by the United States, 
United Kingdom, Denmark, and 
Russia during the 1970s using LC-130 
and Ilyushin long-range aircraft. In 
recent years, a few small-scale aero-
geophysical transects reaching into 
the interior of East Antarctica have 
provided important constraints for 
unraveling the tectonic development 
and geologic structure of parts of the 
East Antarctic shield. Nevertheless, 
on the eve of the 50th anniversary of 
the International Geophysical Year, 
fundamental, fi rst-order parameters 
such as bedrock elevation, lithology, 
structure, age, tectonic history, and 
ice volume remain poorly known 
over large parts of the continent. 
Geological data from rock exposures 
along the East Antarctic margin indi-
cate a deep history of tectonic events 
from >3.2 Ga to ~150 Ma that refl ects 
major transformations in supercon-
tinent evolution, yet detailed time-
space models of past geologic events 
are presently beyond our grasp be-
cause of the vast ice cover. 
Global geodynamics continues to 
be a major infl uence on the forma-
tion, nature, and dynamics of the ice 
sheets. For example, the mass bal-
ance and response of the WAIS to 
climate forcing appear to be strong-
ly infl uenced by geologic and geo-
physical parameters such as the dis-
tribution of sedimentary basins and 
the geothermal heat fl ux into the 
base of the ice. Precambrian struc-
tures may have infl uenced the style 
and location of younger tectonic 
and magmatic events that are mani-
fested by the major features of the 
continent today (Figure 1), such as 
the Paleozoic and Mesozoic orogens 
of the Transantarctic Mountains, 
Mesozoic rift zones, and Cenozoic 
7Figure 1. The Antarctic continent is divided by the Transantarctic Mountains, a lithospheric and morphologic boundary between 
the East Antarctic shield and West Antarctica, an assemblage of allochtonous crustal blocks. The difference between the cold 
cratonic lithosphere beneath East Antarctica and the hot lithosphere beneath the West Antarctic rift system with active volca-
nism is the basis for differences in the overlying ice sheet. The West Antarctic Ice Sheet is a marine-based ice sheet prone to in-
stability, while the East Antarctic Ice Sheet is believed to be a long-lived, stable continental ice sheet. Black dots mark rock out-
crops. FRIS, Filchner-Ronne Ice Shelf; RIS, Ross Ice Shelf. Image courtesy of M. Studinger (LDEO) using data from the Antarctic 
Digital Database project (ADD) and RAMP elevation data provided by the National Snow and Ice Data Center (NSIDC).
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8volcanic provinces. In turn, these 
events have infl uenced ice-sheet dy-
namics and, therefore, global climate.
The WAIS contains enough 
grounded ice to raise global sea level 
5 m if it were to melt completely, and 
hosts ice streams that could poten-
tially evacuate the ice over short geo-
logic time scales. Recent measure-
ments show that the ice sheet is un-
dergoing rapid and dramatic change 
in some regions and reveal an ice-
sheet-wide history of large fl uctua-
tions in extent and volume.
Although the EAIS is apparently 
more stable, it exerts a profound in-
fl uence on global climate and covers 
numerous sub-glacial lakes that may 
have existed for millions of years. 
Major interest lies in the age of these 
lakes, their tectonic history, their resi-
dent biota, and the record of Antarctic 
climatic history that may be con-
tained in the sediments beneath them.
Antarctica forms one of seven 
major lithospheric plates on Earth 
and is one of the six continents. It 
contains unique geologic localities 
such as the sub-glacial Lake Vostok 
hidden under 4 km of ice. However, 
fewer than 2% of the rocks are acces-
sible. Given the extensive ice cover, 
airborne geophysical data (Figure 2) 
linked to fi eld-based geologic map-
ping, ground-based geophysics, and 
petrologic, geochemical, and geo-
chronologic analysis of outcrop and 
drillhole samples are the best means 
of characterizing broad areas of the 
Antarctic lithosphere. Without a 
ski-equipped long-range research 
aircraft, progress in advancing a de-
tailed structural framework of the 
Antarctic lithosphere will be slow. 
2.1.2. KEY QUESTIONS
Many fundamental questions con-
cerning the geologic and tectonic 
evolution of Antarctica remain. At 
the workshop, scientifi c goals and 
potential target areas were identifi ed 
in the context of two major themes: 
(1) geology and ice-sheet dynamics 
and (2) crustal architecture and evo-
lution of the unknown polar regions. 
Investigations directed at these 
themes will form the basis for an 
integrated, multidisciplinary initia-
tive to study the relationship among 
Antarctic geodynamic processes, 
ice-sheet dynamics, and global envi-
ronmental change. Although a con-
ceptual understanding of these pro-
cesses exists, it is essential to move 
towards quantitative models. The 
current lack of fi rst-order data sets 
for most of Antarctica prevents us 
from taking this important step.
GEOLOGY AND ICE SHEET 
DYNAMICS
What are the geologic controls on 
ice-sheet dynamics?
Antarctic geologic processes drive 
ice-sheet dynamics and global envi-
ronmental change, which affect cur-
rent and long-term, large-magnitude 
sea-level changes. There are several 
geologic controls on ice-sheet dynam-
ics. Over the past 100 million years, 
plate kinematics resulted in isolation 
of the Antarctic continental litho-
sphere and evolution of the Southern 
Ocean, shaping paleotopography 
and pathways of ocean currents. 
Relative motion between East and 
West Antarctica resulted in rift ba-
sins and elevated topography, creat-
ing a unique continental polar en-
vironment for climate and ice-sheet 
evolution. More recent extensional 
tectonics formed rift basins and gen-
erated the high heat fl ow that contin-
ues to infl uence basal ice conditions. 
Identifying the three-dimensional ge-
ometry of rift basins and the location 
of sub-ice volcanoes will help clarify 
the relationship between tectonics 
and ice-sheet dynamics. Paleoclimate 
and ice-sheet modeling studies are 
hampered by incomplete knowledge 
and poor resolution of boundary con-
ditions, including reconstructions of 
global and regional paleogeography, 
paleotopography, heat fl ow, distri-
bution of sub-glacial sediments, and 
Cenozoic volcanic rocks. 
What are the geodynamics of rifting 
in an ice-covered environment?
In turn, ice sheets can exert an infl u-
ence on geodynamic processes. Rapid 
unloading of ice sheets may enhance 
magma production rates. The largest 
Cenozoic volcanoes in Antarctica are 
located at the edges of the EAIS and 
WAIS, where waxing and waning of 
the ice sheets are greatest.
9Figure 2. Geologic features such as sedimen-
tary basins and sub-glacial volcanoes are be-
lieved to exert an infl uence on the dynamic 
behavior of the overlying ice sheet. These 
features can be mapped using aerogeophysical 
data and interpretation techniques. The image 
shows sedimentary basins beneath fast-moving 
West Antarctic ice streams as interpreted from 
sub-glacial topography, aerogravity, and aero-
magnetic data. These ice streams drain the 
West Antarctic Ice Sheet. It is believed that 
the sedimentary basins, together with sub-
glacial water, provide the necessary lubricant 
to enable rapid basal fl ow within ice streams. 
Image courtesy of M. Studinger (LDEO) using 
data from the CASERTZ project.
What are the feedbacks between 
mountain uplift and the develop-
ment and evolution of the Antarctic 
ice sheet and global climate?
Preliminary ice-sheet modeling 
studies suggest the Gamburtsev 
Subglacial Mountains are the likely 
location for initiation of the EAIS 
and, therefore, could be a key factor 
in understanding the onset of glacia-
tion in the Paleogene. Episodic up-
lift of the Transantarctic Mountains 
throughout the Cenozoic may have 
infl uenced ice-sheet dynamics, and 
thus, climate. In addition, climate 
change may have led to increased 
erosion rates, accelerated uplift, and 
sedimentation into the Ross Sea. 
What are the distribution, nature, 
and origin of sub-glacial lakes and 
what is their relation to crustal 
structure and heat fl ow?
The presence of sub-glacial lakes 
may have important implications for 
ice-sheet dynamics and for terrestri-
al and marine glacial environments 
(Figure 3). Study of the lakes pro-
10
Figure 3. Buried beneath several miles of ice in 
Antarctica are lakes ranging in size from Lake 
Ontario to lakes the size of Manhattan. More 
than 100 lakes have been identifi ed to date. 
Lake Vostok, the largest sub-glacial lake on 
Earth, is believed to harbor life that has been 
isolated from open exchange with the atmo-
sphere for several million years. Image shows a 
perspective view of the ice surface above Lake 
Vostok compiled from ERS-1 radar altimeter 
data. Lake Vostok is the fl at, featureless area. 
Image courtesy of M. Studinger (LDEO) using 
RAMP elevation data provided by the National 
Snow and Ice Data Center (NSIDC).
vides a way to understand the inter-
action between geologic and biologic 
processes. In addition, the extreme 
environments of these lakes may be 
analogous to those of the early Earth 
and planets, revealing the conditions 
under which life began (Figure 4).
What is the volume of the ice sheets 
and the range of sea-level fl uctua-
tions on different time scales?
To understand the relationship be-
tween ice mass balance and sea level, 
the current ice-sheet volume needs 
to be determined. A more accurate 
estimate of the Antarctic ice-sheet 
volume can be used to calibrate the 
eustatic sea-level curve from oxygen 
isotope data for the present and max-
imum possible variations of the glob-
al sea-level curve.
CRUSTAL ARCHITECTURE AND 
EVOLUTION OF THE UNKNOWN 
POLAR REGIONS
Unraveling the role of Antarctica 
in global geodynamic processes re-
quires a basic understanding of the 
poorly known East Antarctic shield 
and West Antarctic basement. 
What role did East Antarctica play 
in Precambrian continental growth 
processes? 
Because East Antarctica occupied a 
central position in early superconti-
nents such as Rodinia and Gondwana 
and may represent ~15% of Earth’s 
Precambrian crust, it is key to un-
derstanding the processes governing 
continental growth spurts in the late 
Archean to mid-Proterozoic. Issues 
include the role of magmatism, accre-
tionary tectonics, continental break-
up, and subduction in early Earth 
history. Tectonic, erosion, subsidence, 
11
Figure 4. The sub-glacial bed is one of the most inaccessible places on 
Earth and it is the least studied part of Antarctica. Image shows the 
depth and shape of sub-glacial Lake Vostok estimated from aerogeo-
physical data. Lake Vostok is divided into two sub-basins that exert 
an important infl uence on water circulation within the lake. The sub-
glacial hydrosphere, formed in response to the interaction between 
sub-glacial geology and ice dynamics, is a previously unrecognized, 
immense, possibly interconnected system that represents a potential 
habitat for life in an extreme environment. Sub-glacial environments 
are the closest terrestrial analogs to the icy domains on Mars or the 
Jovian moon Europa. Figure after Studinger et al. (2004). 
and glacial history can be determined 
by knowing the age, lithology, and 
three-dimensional geometry of sedi-
mentary basins in East Antarctica 
(Figure 5).
What was the timing and magnitude 
of Mesozoic to Cenozoic extension in 
Antarctica, and how did it affect the 
global plate-motion circuit?
Extension in the latest Mesozoic peri-
od rifted Australia and New Zealand 
from Antarctica. Little is known 
about large regions of the continen-
tal margin around the perimeter 
of Antarctica because sea-ice cover 
makes them inaccessible to ships. 
Aerogeophysical surveying of 
remote or frequently ice-covered re-
gions is needed to study the timing 
of extension, uplift, and magmatism 
in Antarctica. This information will 
help determine mechanisms of con-
tinental breakup and relative motion 
between East and West Antarctica. 
Extension rates and lithospheric 
thinning have a direct infl uence on 
magma-production rates and vol-
canism; however, the higher pro-
duction rates in the late Cenozoic 
do not appear to be the result of 
higher extension rates. As for the 
geodynamics of rifting in an ice-cov-
ered environment, knowledge of lith-
osphere geodynamics in Antarctica’s 
ice-covered environment will clarify 
its feedback on other global systems.
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Figure 5. East Antarctica, the size of the con-
terminous United States, remains virtually ter-
ra incognita because we are unable to reach 
it using available aircraft. These color-shaded 
relief ice-surface maps were compiled from 
topographic data derived from satellite radar 
altimetry, airborne radar surveys, the Antarctic 
Digital Database (ADD), and RAMP elevation 
data provided by the National Snow and Ice 
Data Center (NSIDC). Colors indicate gravity 
data (ADGRAV Project); black lines show loca-
tion of ice-thickness data. Image courtesy of M. 
Studinger, LDEO.
2.1.3. GOALS AND 
CONTRIBUTIONS
We seek to gain an improved un-
derstanding of the geologic and tec-
tonic processes in polar regions, the 
interaction of these processes with 
ice-sheet dynamics and climate, and 
the role Antarctica plays in the global 
geodynamic system. Over the last 
few decades, research has focused on 
developing conceptual models for 
these processes. Only a signifi cant 
improvement in data quality and 
quantity will permit us to address 
the outstanding scientifi c questions 
and move towards a quantitative un-
derstanding using newly developed 
modeling capabilities. 
LARA DATA SETS AND PRODUCTS 
The primary product concerning 
Antarctic geology and geophysics 
will be a set of maps consisting of 
sub-glacial and ice-surface topog-
raphy, and gravity and magnetic 
anomalies. These grids will form the 
basis for deriving a structural frame-
work that can be interpreted in terms 
of sub-glacial geology and tecton-
ics. In particular, these data can be 
used to delineate the distribution and 
thickness of sub-glacial sedimentary 
basins and identify the locations of 
sub-glacial volcanics. Magnetic and 
density domains often coincide with 
lithotectonic domains and thus can 
be used to derive structural and tec-
tonic maps in ice-covered regions. 
Table 2 summarizes the data sets that 
are necessary to answer the key ques-
tions and the data products that can 
be derived from these data sets.
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Table 2.
FIRST-ORDER DATA PRODUCTS
Data Set Available? Will LARA Provide?
Raw Data 
Sets Required
Ice-surface 
topography
North of 86°S from satellite measure-
ments. The large footprint of radar al-
timeters and the sparse track spacing of 
the ICESat laser altimeter limit the reso-
lution.
Yes, high-resolution (few cm) 
along track and from swath 
laser
Laser altimeter
Sub-glacial 
topography
West Antarctica: reconnaissance surveys
East Antarctica: largely unknown
Yes, resolution depends on 
fl ight line spacing
Laser altimeter and ice-
penetrating radar (depth 
sounder)
Gravity-
anomaly 
maps
West Antarctica: reconnaissance surveys
East Antarctica: largely unknown
Yes, resolution depends on dis-
tance to source and fl ight line 
spacing
Gravity, ice-surface el-
evation (from laser altim-
eter), and ice thickness 
from radar
Magnetic-
anomaly 
maps
West Antarctica: reconnaissance surveys
East Antarctica: largely unknown
Yes, resolution depends on dis-
tance to source and fl ight line 
spacing
Magnetics, ice-surface 
elevation, and ice thick-
ness
DERIVED DATA PRODUCTS
Product Analysis Tools and Remarks
Distribution and thickness of sub-glacial sediments 
(including rift basins and draped deposits)
Forward and inverse modeling of gravity and sub-glacial 
topography data. Depth to magnetic basement estimates 
using deconvolution methods.
Structural mapping (trend analysis and identifi cation of 
sub-glacial faults)
Delineation of characteristic magnetic and gravity domains 
using methods based on horizontal gradients and 3-D ana-
lytic signal. Comparison with provinces of known litholog-
ic, metamorphic, and structural character in Antarctica and 
surrounding plates.
Distribution of sub-glacial volcanism and magmatism Identifi cation of typical patterns in magnetic and topo-
graphic data. Depth to the source estimates using inver-
sion techniques.
Crustal thickness and mechanical parameters of the 
lithospheric plate
Forward and inverse modeling of gravity and sub-glacial 
topography data ties to crustal thickness estimates from 
refraction seismic studies and teleseismic receiver function 
analysis
Geothermal heat fl ow and hydrothermal bed condition Analysis of potential fi eld data. Estimate basal melt rates 
from analysis of internal layer in the ice sheet. 
Basement geologic mapping of the East Antarctic shield Interpretation of magnetic signatures, in particular, of 
Precambrian geologic units and magnetic and gravity 
mapping of arc terranes. 
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THE ROLE OF LARA IN AN 
INTEGRATED MULTIDISCIPLINARY 
RESEARCH PROGRAM 
Airborne geophysics is a crucial tool 
for an integrated multidisciplinary 
Antarctic geology and geophys-
ics research program. Over the past 
several years, the geology and geo-
physics community has developed a 
strategy for continental exploration. 
This strategy has been agreed on in 
several NSF-funded workshops, in-
cluding REVEAL, FASTDRILL, SEAP, 
and most recently in the workshop 
on Frontiers and Opportunities in 
Antarctic Geosciences. The strategy 
involves a sequence of steps, starting 
with regional airborne geophysical 
surveys to identify scientifi c targets 
in ice-covered regions. This initial 
step will be followed by deployment 
of passive seismic arrays, high-reso-
lution airborne geophysical surveys, 
ground-based geophysics, and even-
tually drilling. Passive seismic stud-
ies, ground-based geophysics, and 
drilling cannot provide a regional 
geologic context in the ice-covered 
areas without regional aerogeophysi-
cal surveys. 
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2.2.1. SCOPE AND RELEVANCE 
The Antarctic ice sheet is the largest 
ice mass on Earth. It contains about 
80% of the world’s freshwater sup-
ply. Covering an area of 13 million 
square kilometers (approximately one 
and a half times the size of the conti-
nental US), it contains enough ice to 
raise global sea level by about 65 m. 
Annual snowfall on the Antarctic ice 
sheet is equivalent to a few millime-
ters of sea level, thus a small imbal-
ance between snowfall and discharge 
of ice and melt water into the ocean 
would have a signifi cant effect on 
sea-level. About half of the total sea 
level rise, currently believed to be 
about 1.8 mm/year, is attributed to 
the melting of terrestrial ice, which 
includes non-polar glaciers and the 
Greenland and Antarctic ice sheets. 
Data from Antarctica, though still 
sparse, suggests a net loss from the 
WAIS equivalent to 0.2 mm/year. The 
EAIS is approximately in balance, but 
there is considerable uncertainty. 
Ice sheets are dynamic systems. 
Their waxing and waning are con-
trolled by a number of factors, in-
cluding changes in incoming solar 
irradiation due to orbital variations; 
alterations in Earth’s atmospheric 
composition; and interactions among 
the solid Earth, ice, climate, and 
ocean systems. Despite extensive re-
2.2. GLACIOLOGY
search, major questions remain un-
answered. There is no consensus on 
whether global warming will cause 
the ice sheets to grow or shrink in the 
short term. Most scenarios predict 
that atmospheric warming would 
cause greater precipitation, resulting 
in initial thickening of the ice sheet. 
On a longer time scale, this trend 
may reverse because changes in ice 
dynamics could lead to increased dis-
charge and grounding-line retreat. As 
warming reaches a threshold, surface 
runoff would become the dominant 
wastage mechanism and surfi cial 
meltwater would further increase 
outlet glacier discharge by lubricat-
ing the ice-sheet bed. 
In the last decade, our picture of 
a slowly changing Antarctic ice sheet 
has radically changed. Observations 
have revealed dramatic changes in 
ice-stream behavior, ranging from 
complete shutdown of ice streams to 
manifold increases in velocity. In ad-
dition, iceberg calving has increased 
in frequency and millennia-old 
fl oating ice shelves are disintegrat-
ing (Figure 6). The recent discovery 
of complex fl ow patterns, extend-
ing deep into the interior of East 
Antarctica, challenges the view that 
the Antarctic plateau is a slow-mov-
ing, homogenous region (Figure 7). 
These fi ndings inject a new and very 
compelling sense of urgency for gain-
ing a better understanding of the 
evolution of the ice sheet.
Large areas internal to East 
Antarctica are poorly sampled and 
even less well understood. Attempts 
at estimating its mass balance and 
confi rming ice-sheet models are 
hampered by the paucity of data. 
Comprehensive airborne surveys 
of surface elevation and mass bal-
ance, bedrock lithology, and ice thick-
ness have been restricted to a few 
areas, mostly in the Ross Sea sec-
tor of the WAIS and near major sta-
tions on the EAIS. Most of the key 
satellite missions, with the exception 
of RADARSAT mapping missions, 
do not cover the South Pole and its 
neighborhood. Although bed eleva-
tions have been determined in several 
million locations during the last half 
century, large regions of the EAIS bed 
are still unexplored (Figure 8). Due to 
the lack of satellite altimetry coverage 
around the South Pole, surface topog-
raphy observations south of 86 de-
grees are limited to a few over-snow 
traverses that are less accurate than 
the satellite observations. 
New observations from a long-
range airborne platform will comple-
ment the information from satellites, 
existing aircraft, and fi eld programs; 
will enable us to map the surface 
and bedrock topography, lithology, 
and englacial layering in unexplored 
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areas; and will improve our quanti-
tative knowledge of the variability, 
changes, and extremes of surface, en-
glacial, and basal processes.
2.2.2. KEY QUESTIONS 
What is the relationship between cli-
mate change and the ice sheets?
Growth and shrinkage of the ice 
sheets are closely connected to chang-
es in Earth’s climate system. For ex-
ample, a change in Earth’s surface 
temperature either increases melting 
or prolongs the period of snow persis-
tence; however, shrinkage or expan-
sion of ice sheets infl uences Earth’s al-
bedo, which changes the heat budget 
at the surface. Such linkage between 
the climate system and ice-sheet dy-
namics occurs over many spatial and 
temporal scales. While accumulation 
and snow-densifi cation processes act 
over years to decades, the ice sheet 
reacts to internal and external forc-
ing over centuries to millennia. All of 
these processes are recorded within 
the ice; some are simply waiting to be 
deciphered from the internal struc-
ture of the ice sheet. 
The polar regions are intimately 
linked to the global climate system, 
sea level, and marine, freshwater, and 
terrestrial ecosystems, and they can 
amplify and drive changes elsewhere 
in the Earth system. To understand 
these links, it is imperative to study 
the current confi guration and be-
havior of the Antarctic ice sheet 
and the surrounding ice shelves. 
Interdisciplinary research addressing 
the status, changes, processes, and 
Figure 6. Beginning on 31 January 2002, a portion of the 
Larsen B ice shelf larger than the size of Rhode Island, disin-
tegrated in a 35-day period. Analysis of Moderate Resolution 
Imaging Spectroradiometer (MODIS, image from March 
7, 2002) satellite images at the University of Colorado’s 
National Snow and Ice Data Center revealed that pools of 
meltwater on the surface enhanced the propagation of 
crevasses, destabilizing the ice shelf (after Scambos et 
al. [2004]). The collapse of the Larsen B ice shelf has fu-
eled speculation regarding the impact of global warming on 
Antarctic ice masses. Although the validity of global change 
scenarios remains controversial, the Intergovernmental 
Panel on Climate Change (IPCC) has concluded that high-
southern-latitude processes are sensitive indicators of cli-
mate change. The collapse of the Larsen B ice shelf is the 
largest retreat of an ice shelf on the Antarctic Peninsula 
over the past 30 years.
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Figure 7. In the last decade, our picture of 
a slowly changing Antarctic ice sheet 
has been radically altered. The recent 
discovery of complex fl ow patterns, 
extending deep into the interior 
of East Antarctica, challenges the 
view that the Antarctic plateau is a 
slow-moving, homogenous region. 
The balance velocity map, shown 
here overlain on the RADARSAT 
mosaic, indicates a complex 
fl ow pattern within the in-
terior of the Antarctic ice 
sheet. The existence of fast-
fl owing outlet glaciers, origi-
nating deep in the interior of 
the East Antarctic Ice Sheet, 
has been confi rmed by the 
RADARSAT missions. The discov-
ery of this complex fl ow pattern 
in the interior of the continent 
has injected a new and very com-
pelling sense of urgency for gaining 
a better understanding of the evolu-
tion of the ice sheet. Image courtesy of K. 
Jezek, Ohio State University.
connections of all major Antarctic 
systems (ocean, sea ice, atmosphere, 
solid Earth, and ice sheet) by coordi-
nated measurement campaigns and 
by assimilating the data into complex 
models is needed to better under-
stand past ice-sheet behavior and im-
prove prediction of changes. 
What are the controls and interac-
tions governing ice-sheet dynamics?
Ice-sheet dynamics are strongly in-
fl uenced by the geological and topo-
graphic characteristics of the sub-
strate on which the ice sheets rest. 
This effect may be a missing link in 
understanding ice-climate interac-
tion. For example, observations be-
neath the WAIS suggest that the eas-
ily erodible sedimentary bed and the 
availability of sub-glacial water play 
key roles in triggering fast ice stream-
ing and are responsible for the pres-
ence of the fast-fl owing ice streams 
that account for nearly all WAIS dis-
charge. Sub-glacial water mixed with 
sediments reduces the resistance at 
the ice-sheet bed, thus allowing fast 
ice motion. Therefore, the distribu-
tion of easily erodible sediments and 
geothermal fl ux within the former 
marine sedimentary basins of the 
West Antarctic rift system infl uences 
ice-fl ow pathways and modulates 
ice-stream behavior. To better under-
stand these processes, further studies 
of the geologic control on ice dynam-
ics, such as the mechanism of ice-
stream onset, the interaction between 
accumulation and englacial process-
es, and the infl uence of basal hydrol-
ogy and heat fl ow, are needed. By 
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Figure 8. Sub-glacial bedrock elevation from BEDMAP compilation, showing large unexplored areas within the interior of East 
Antarctica (fl at, featureless regions). The elevated topography of the Gamburtsev Sub-glacial Mountains in East Antarctica is 
thought to have been the nucleation point for the formation of continental ice sheets during the Permian-Carboniferous gla-
ciation and the Oligocene transition from a greenhouse world to an icehouse world. Despite this crucial role in ice sheet for-
mation, the sub-glacial topography in East Antarctica is only sparsely sampled. More detailed knowledge of the sub-glacial 
topography is necessary for studies of long-time ice-sheet evolution, formation of continental ice sheets, and ice-fl ow mod-
eling of the dynamic behavior of ice sheets. FRIS: Fillchner-Ronne Ice Shelf; RIS: Ross Ice Shelf. Data courtesy of the BEDMAP 
project. Image courtesy of M. Studinger, LDEO.
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characterizing the underlying forcing, 
more realistic ice-sheet models with 
complex boundary conditions can be 
developed, resulting in better predic-
tive capabilities. Detailed surveys of 
sub-glacial geomorphology permit 
investigation of the inception and 
evolution of the Antarctic ice sheet 
from local highland glaciations to a 
continental-scale ice sheet.
What are the distribution, nature, 
and interconnection of sub-glacial 
lakes?
In addition to Lake Vostok, which is 
the most prominent sub-glacial lake, 
over 145 sub-glacial lakes have now 
been identifi ed under the Antarctic 
ice sheet. The large number of sub-
glacial lakes suggests that the sub-
glacial environment is a previously 
unrecognized, immense, possibly in-
terconnected, hydrological system. 
The sub-glacial hydrosphere, formed 
in response to the interaction be-
tween sub-glacial geology and ice dy-
namics, represents a potential habitat 
for life in an extreme environment. 
The sub-glacial bed is one of the 
most inaccessible places on Earth 
and it is the least-studied part of the 
Antarctic ice sheet. Melting of basal 
ice occurs where geothermal heat is 
trapped beneath the thick ice sheet. 
Following the hydrological gradi-
ent, the sub-glacial meltwater fl ows 
toward the ocean, forming a large, 
interconnected sub-glacial hydrologi-
cal system. Although water depth 
usually ranges from the millimeter 
to meter scale, basal water may ac-
cumulate in sub-glacial depressions, 
forming deeper, easily detectable 
sub-glacial lakes. These lakes, and 
the connecting sub-glacial hydro-
logical system, provide a habitat for 
life. Sealed from free exchange with 
the atmosphere for many millions 
of years, sub-glacial environments 
are the closest terrestrial analogs to 
the icy domains on Mars or Europa. 
Understanding how tectonics, topog-
raphy, and climate infl uence ice-sheet 
fl ow and the characteristics of a sub-
glacial hydrological system that may 
support life is one of the most excit-
ing challenges of polar research.
What are the current dynamics of 
coastal areas?
Recent observations revealed signifi -
cant changes around the Antarctic 
Peninsula, including ice-shelf thin-
ning and break-ups. These rapid 
changes are attributed to warming air 
and seawater temperatures. Although 
the ice stored in the Peninsula is in-
signifi cant in terms of sea-level rise, 
some model suggests that similar 
changes can occur quite rapidly over 
the large ice shelves of “mainland” 
Antarctica. Moreover, the glacier 
surges triggered by the disintegration 
of the Larsen Ice Shelf confi rm the im-
portant role of the buttressing effect 
of ice shelves in stabilizing marine ice 
streams and outlet glaciers. Although 
the validity of global-change sce-
narios remains controversial, the 
Intergovernmental Panel on Climate 
Change (IPCC) has concluded that 
high-southern-latitude processes 
are sensitive indicators of climate 
change. From these observations we 
have learned that major changes are 
taking place at specifi c locations in 
the Antarctic on much shorter time 
scales than previously anticipated. 
Coordinated efforts, including collec-
tion of airborne, satellite, and fi eld ob-
servations, and modeling, are needed 
to study the main glaciological, me-
teorological, and oceanographic pro-
cesses occurring in coastal areas and 
their interactions. 
2.2.3. CONTRIBUTIONS FROM 
LARA
A long-range research aircraft could 
monitor the surface processes of 
coastal and interior Antarctica with 
higher spatial resolution than that of 
satellite data. Moreover, an aircraft 
would also collect observations of en-
glacial and sub-glacial structures and 
processes that are not (yet) possible 
from satellites.
STUDY OF THE INTERIOR OF 
ANTARCTICA
A long-range instrumented aircraft 
could complete the comprehensive 
survey of basal topography needed 
to provide crucial boundary condi-
tions for ice-sheet models. An air-
craft could provide more detailed 
surveys of areas of particular inter-
est, such as those undergoing rapid 
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change. Airborne geophysical map-
ping (gravity, magnetics, and ice-pen-
etrating radar) would enable us to 
infer the study area’s basal lithology, 
geomorphology, thermal regime, and 
hydrology, and internal ice-sheet lay-
ering. Knowledge of these land and 
ice characteristics is needed to under-
stand how geology controls ice-sheet 
evolution, and to develop and test 
more realistic ice-sheet models. 
Laser altimetry would be the pri-
mary sensor used for topographic 
mapping, estimation of mass bal-
ance, and change detection (Figure 
9). NASA’s ICESat satellite laser-al-
timetry mission has proved that satel-
lite laser measurements can provide 
accurate elevations for the whole ice 
sheet. However, airborne laser altime-
try offers more fl exibility by enabling 
fl ights along fl ow lines or across 
drainage basins, thus providing more 
ideally distributed measurements for 
the ice-sheet modelers. Ice-penetrat-
ing radar observations are essential 
for selecting remote drilling sites and 
for establishing a comprehensive his-
tory of paleoclimate by correlating 
records from ice cores separated by 
several hundred kilometers (Figure 
10). Internal layers may also pro-
vide information about past changes 
in ice dynamics by preserving relict 
features, such as scars and buried 
crevasse zones, or by depicting mi-
grating domes or basal melt. Surface 
mass balance and snow accumulation 
can be inferred from high-resolution, 
near-surface internal layers mapped 
by using specially designed airborne 
ice-penetrating radars. 
Airborne digital imaging sen-
sors, operating in different spectral 
domains ranging from visible to mi-
crowave, could provide useful infor-
mation on ice-surface energy balance 
and mass balance by mapping ice 
surface physical conditions (extent of 
surface melting, grain size, exposure 
of old ice in ablation zone) and sur-
face elevation changes. These sensors 
are also important for monitoring the 
changes of the outlet glaciers and ice 
streams and for mapping ice surface 
features (e.g., fl ow bands, crevasses, 
ice-stream margins) that could pro-
Figure 9. Repeat laser-altimeter surveys are capable of estimating surface-elevation change rates and thus changes in ice thickness and volume. Left 
panel: fl ight lines on RADARSAT mosaic draped on the color shaded using RAMP Digital Elevation Model provided by the National Snow and Ice Data 
Center. Right panel: repeat airborne laser altimetry along the van der Veen ice stream (AA’) indicates thinning over the upstream region (data from 
NSF SOAR facility, fi gure adapted from Spikes et al. [2003]). Courtesy of Bea Csatho, BPRC.
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Figure 10. Vertical cross-sectional picture showing isochronous internal layers in the East Antarctic Ice Sheet over sub-glacial Lake Vostok. 
The image has been constructed using sequential records of ice-penetrating radar data that are refl ected back to the surface. The inter-
nal layers are the rugged, near horizontal features in the upper two-thirds of the image. These layers result from the changing conduc-
tivity associated with periods of increased precipitation of volcanic dust and represent time horizons. Lake Vostok is the smooth, strong 
refl ector between 45 and 50 µs two-way travel time. By linking the internal layers within the ice sheet to age-depth relationships deter-
mined from the Vostok 5G ice core, the dynamic history of the ice sheet can be revealed. Courtesy of M. Studinger (LDEO) using data from 
the NSF SOAR facility and Petit et al. (1999) provided by the National Snow and Ice Data Center.
vide clues for understanding present 
and past ice dynamics. 
DYNAMICS OF COASTAL AREAS 
AND SURVEY AROUND THE EAST 
ANTARCTIC ICE SHEET
Data collection required to fi ll crucial 
gaps in knowledge at the coastal ar-
eas includes: (1) ice thickness along 
the coast, over specifi c basins, and 
along the grounding lines of outlet 
glaciers and ice streams; (2) observa-
tions of ice-shelf bottom melting and 
its spatial and temporal variability 
underneath fl oating ice shelves; (3) 
repeat, stereo, multispectral digital 
aerial photographs to map ice veloci-
ties of outlet glaciers, ice-shelf pro-
cesses and their evolutions through 
time, including thickness changes, 
tidal motion, calving, rifting, and sur-
face melt; and (4) past extent of ice 
cover from glacial geomorphology 
over outcrops. These observations 
would allow study of the history of 
the deglaciation, present changes in 
coastal region, major processes re-
sponsible for outlet glacier thinning 
and ice-shelf melting, and the inter-
action among ice-sheet, ice-shelf, and 
ocean systems. A long-range airborne 
survey, completing the observations 
in (1) to (4) along the entire perimeter 
of the EAIS or across several individ-
ual drainage basins, could also pro-
vide outgoing fl ux data for estimat-
ing ice sheet mass-balance changes 
using the volume budget approach. 
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EXPLORATION OF SUB-GLACIAL 
HIGHLANDS
Climate models suggest that the high 
elevation of Antarctic mountains, for 
example, the Gamburtsev Subglacial 
Mountains in East Antarctica, were 
crucial in localizing the fi rst Cenozoic 
ice sheet. Sub-glacial geomorphology 
records the key processes of ice-sheet 
inception and evolution. Airborne 
geophysical surveys will provide 
sub-glacial topography and other im-
portant boundary conditions, such as 
bedrock lithology and physical prop-
erties of the ice-bed interface, for cou-
pled climate-ice models. 
OTHER SUGGESTED 
GLACIOLOGICAL APPLICATIONS
The instrumented long-range aircraft 
could also: (1) monitor the most dy-
namic components of the ice sheet, 
such as selected sites at the WAIS, 
Weddell Sea, Amundsen Sea, Ross 
Sea, or Lambert glacier; (2) map blue-
ice locations, perform meteorite re-
connaissance, and investigate mete-
orite-concentration mechanisms; (3) 
calibrate and validate satellite mea-
surements to improve models for 
conversion of raw satellite measure-
ments into geophysical parameters; 
and (4) conduct systematic airborne 
gravity and magnetic surveys to im-
prove knowledge of Earth’s gravity 
and magnetic fi elds.
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2.3.1. SCOPE AND RELEVANCE
The southernmost part of the world 
ocean, south of the Antarctic Circum-
polar Current (ACC) and with a sea-
sonally varying, highly mobile sea-ice 
cover, is referred to as the “Antarctic 
Zone.” This zone encompasses a 
number of individually named seas, 
two of which—the Weddell and Ross 
Seas—occupy basin-scale indenta-
tions in the continental margins. 
Processes occurring in the Antarctic 
Zone are crucial in a global-ocean 
context, as it is here where upper-
ocean cooling and ice formation lead 
to deep convection and formation of 
dense Antarctic Bottom Water that is 
found throughout most of the tem-
perate ocean and contributes to the 
global meridional overturning circu-
lation (MOC) (Figure 11). The south-
ernmost Weddell and Ross Seas, loca-
tions where the great continental ice 
sheets impinge on the coastal ocean, 
are primary formation sites for dense, 
deep bottom water. Intensive stud-
ies of these regions have provided 
detailed qualitative and quantitative 
information on bottom-water forma-
tion, its dynamics, and controlling 
mechanisms. Other regions around 
the periphery of Antarctica also play 
signifi cant roles.
Oceanographic research is carried 
out in the Antarctic Zone using data 
from surface vessels and satellites in 
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conjunction with numerical models. 
Vessels allow observation of subsur-
face ocean processes and detailed 
measurement of ice characteristics. 
They are essential to understanding 
the ocean and the accompanying pro-
cesses that interact with and impact 
the overlying sea ice. Satellites are 
useful in studying large-scale sea-ice 
processes and have been invaluable 
in documenting interannual changes 
that refl ect global-scale oceanic and 
atmospheric interactions between the 
Antarctic and lower-latitude oceans. 
Aircraft use, in an Antarctic Zone 
context, is almost always limited to 
measurements obtained from heli-
copters that use vessels for their bas-
es of operations. Wide-scale airborne 
operations have not been used for 
study of the Southern Ocean.
Focal points for oceanographic 
research in the Antarctic Zone relate 
strongly to ice-ocean interactions 
and their relationship to the deep-
ocean circulation and to atmosphere-
ocean fl uxes of heat and momentum. 
The region is biologically rich, and 
numerous studies focus on under-
standing regional marine ecosystems 
and their coupling with the physical 
system. Signifi cant efforts have ad-
dressed the physical, chemical, and 
biological coupling of the Antarctic 
Zone with more temperate oceans, 
and these efforts have tended to fo-
cus on climate-change issues.
In the Antarctic Zone, oceanog-
raphers seek to quantify and un-
derstand the physical mechanisms 
that couple freshwater output (ice-
bergs and sub-glacial runoff) from 
the Antarctic continent to deep-wa-
ter formation, sea-ice cover, and the 
large-scale wind fi eld. These mecha-
nisms change continuously on time 
scales from interannual, to seasonal, 
to several days (synoptic meteoro-
logical processes), to less than a day 
(tidal and inertial phenomena). Of 
most concern are interannual chang-
es in freshwater output that might be 
linked to climate changes.
The ocean’s physical system con-
tains feedback loops at different spa-
tial scales. At the largest scales, these 
loops couple with climate-change 
processes (Figure 12). The Antarctic 
Zone plays a leading role in the 
global climate system, in large part 
because of the sea-ice cover and its 
impact on energy balance through 
its high albedo and control over at-
mosphere-ocean energy fl uxes. Its 
ecosystems harbor a rich and diverse 
biota ranging from plankton to sea-
birds and large marine mammals. 
These ecosystems fl uctuate in re-
sponse to physical processes and, in 
turn, impact the carbon balance for 
the entire Southern Ocean. In sum, 
the Antarctic Zone is a physically en-
ergetic and biologically active region 
that is strongly coupled to climate 
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changes and that impacts physical 
and biological processes over much 
of the world ocean. A full under-
standing of the region is essential to 
our ability to predict events related to 
global climate change. 
2.3.2. KEY QUESTIONS
Although we understand concep-
tually many of the crucial process-
es and interactions in the ocean’s 
Antarctic Zone, we lack quantitative 
information related to many such 
processes. Much of our information 
is spatially and temporally discon-
tinuous because it has been collected 
from various platforms under the 
auspices of projects having varying 
objectives, and at different times and 
locations. The more nearly instanta-
neous large-scale coverage available 
from satellites lacks the resolution 
needed to quantitatively assess many 
important processes, and is unable 
to see beneath the sea surface. The 
key questions that we would hope to 
address using a long-range research 
aircraft derive in part from the short-
comings in existing data and in part 
from the knowledge that signifi cant 
processes occur at many temporal 
and spatial scales and are coupled 
over great distances such that they 
are diffi cult to sample from slow-
moving surface vessels. Further, 
some critical processes are event-
driven and require the ability to very 
quickly deploy an observational plat-
form. The following are some key 
questions related to phenomena that 
we know or expect are important but 
for which we lack information ad-
equate for understanding or quanti-
fi cation.
What is the interannual variation 
in sea-ice thickness on a basin-
wide scale? 
The Arctic Ocean ice pack is decreas-
ing in thickness and areal extent. The 
Figure 11: Schematic cross-section of the 
Southern Ocean, illustrating the two over-
turning cells that contribute to the meridi-
onal overturning circulation (MOC). The MOC 
is responsible in large part for circulation and 
renewal of deep water throughout the global 
ocean. The deeper of the cells, marked by 
sinking and northward fl ow of bottom water 
from the Antarctic continental shelf, depends 
upon surface water freezing on the shelf, which 
then releases salt into the underlying water and 
increases its density to the point where it sinks. 
This process depends on low air temperatures 
and southerly winds, and is strongly impacted by 
the concentration of sea ice over the continental 
shelf. Wind fi elds, air temperatures, and sea-ice 
concentration are all subject to interannual vari-
ability and may be impacted by climate change. 
Image courtesy of S. Rintoul, CSIRO.
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Figure 12. Isotherms of the annual sea sur-
face temperature (SST) in ºC, salinity S in 
PSU and ocean temperature (T) in ºC around 
Antarctica. Bold arrows show the mean 
large-scale ocean circulation and emphasize 
the Antarctic Circumpolar Current fl owing 
clockwise around the continent, the coun-
terclockwise coastal current system that 
surrounds much of the continent, and the 
subsurface overturning cells referenced in 
Figure 11. The coastal current is a conse-
quence of regional winds and local freshwa-
ter budgets and is, like the deep overturn-
ing cells, subject to modifi cation by climate 
change. Figure from Gordon (1999). 
Antarctic ice pack does not appear to 
be decreasing in extent, but we have 
few data from which to assess trends 
in thickness.
What role does water densifi cation 
in polynyas and beneath ice shelves 
play in the global ocean meridional 
overturning circulation?
Much of the water densifi cation that 
drives the global ocean MOC occurs 
in small, nearshore, ice-free areas 
called polynyas and in the ocean cav-
ities beneath the seaward extensions 
of the great Antarctic ice shelves. We 
are attempting now to sample be-
neath the ice shelves using autono-
mous underwater vehicles (AUVs); 
however, we have been unable to 
sample in detail the winter polynyas 
because they are inaccessible when 
active for either seagoing vessels or 
short-range aircraft. Our understand-
ing of these key features remains 
conceptual rather than quantitative 
and is based largely on numerical 
model results and satellite obser-
vations rather than detailed, in situ 
fi eld measurements.
How does deep-ocean water temper-
ature vary over interannual scales?
Deep-ocean water temperatures in 
the Antarctic Zone can vary over in-
terannual time scales, for example, 
the ongoing basin-wide warming in 
the deep Weddell Sea. This warm-
ing appears to be a rebound from 
massive cooling associated with a 
mid-ocean polynya that occurred in 
the mid to late 1970s. Quantitative 
verifi cation of the cooling mecha-
nism requires direct observation of 
such an event, should it occur again, 
and subsequent monitoring of deep-
ocean temperatures over a large area. 
Surface vessels make poor platforms 
for the rapid response needed to ob-
serve a transient and unpredictable 
cooling event in the remote central 
portion of a deep ocean basin.
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Over what distances does sea ice 
drift in the Antarctic Zone from the 
time it forms to when it fully melts?
Knowledge of ice drift over broad 
regions and over decades is essen-
tial to our overall understanding of 
the ice response to climate change. 
Large-scale movement of sea ice 
in the Antarctic Zone has been ob-
served using satellite-tracked drift 
buoys deployed irregularly over time 
and at different locations over sev-
eral years, often in association with 
specifi c research projects such as the 
highly successful Arctic Data Buoy 
Program that has been in place since 
about 1980. Buoy data have shown 
that the annual sea-ice cover forms 
near the continent, is driven north by 
the wind, then melts where it meets 
the warmer waters of the Antarctic 
Circumpolar Current. At present, 
available buoy data are inadequate 
for us to quantitatively assess interan-
nual changes in these drift patterns, 
or the ensuing ice balance, that relate 
to changes in the forcing wind fi eld. 
Efforts to establish a regular and 
reasonably dense network of drift 
buoys in the Antarctic Zone have 
generally fallen short for a number 
of reasons. A signifi cant obstacle has 
been the lack of available ships or air-
craft from which to deploy buoys. A 
long-range aircraft to aid in buoy de-
ployment would help to signifi cantly 
advance the science.
What role do marginal ice zones play 
in the Antarctic Zone’s physical and 
biological activity?
Transition regions, such as the mar-
ginal ice zones and the boundaries 
between ice sheets, or shore-fast ice 
and the ocean, tend to be sites of in-
tense physical and biological activity 
that are not quantitatively well un-
derstood. Signifi cant events in such 
regions are strongly forced by local 
meteorology and tend to be event-
driven. Focused shipboard projects 
have provided detailed information 
on pertinent processes at specifi c loca-
tions and during some seasons. Our 
fi eld-based information is, however, 
insuffi cient to understand interannual 
variability or to predict the impact of 
climatic variations on these systems.
2.3.3. GOALS AND IMPACTS 
OF A LONG-RANGE RESEARCH 
AIRCRAFT
Availability of a long-range research 
aircraft would advance ocean re-
search in the Antarctic in two ways. 
First, it would provide a new facility 
uniquely capable of gathering data 
over a very broad area, with a much 
higher resolution than available from 
satellites, and would allow deploy-
ment of air-dropped, remote instru-
ments. Second, it would allow col-
lection of data in a rapid-response 
mode, permitting investigation of 
processes at work in event-driven 
phenomena such as polynyas or ice-
shelf breakup.
The examples given in this report 
illustrate scientifi c problems whose 
quantitative solutions require fi eld-
data acquisition and data-driven 
modeling efforts. The problems are 
diverse; however, their solutions can 
all be greatly facilitated by a platform 
capable of sampling at high resolu-
tion over large distances. Most needs 
can be met using a long-range aircraft 
suitably equipped with surface-sens-
ing instruments, shallow penetration 
systems such as active microwaves, 
and air-droppable buoys and probes. 
Such a platform can carry out, for 
example, rapid cross-basin traverses 
to obtain information on the sea-ice 
cover to a high level of detail im-
possible to obtain in any other way. 
Satellite-tracked drift buoys might 
be dropped at points along the fl ight 
track, allowing tracking of ice move-
ment for as much as a year follow-
ing the fl ight. Such transects could 
be continued annually, or even more 
frequently, for a decade, providing 
a wealth of information on pack-ice 
characteristics and movement. This 
information would be invaluable in 
assessing the interactions of the pack-
ice cover with other large-scale sys-
tems in a climate-change context.
The subsurface ocean is of equal 
import, and an aircraft might, dur-
ing a cross-basin transect, drop ocean 
probes such as expendable CTD (con-
ductivity, temperature, and depth) 
profi lers to obtain a “snapshot” of the 
upper ocean that interacts directly 
with the ice cover. Acoustic probes 
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are under development that would 
allow interrogation, from an aircraft, 
of deep sensors such as might be 
used to measure interannual change 
in deep-ocean properties. The deep 
sensors may have been deployed dur-
ing austral summer from surface ves-
sels; if a suitable aircraft is available, 
it is technically feasible to deploy 
such a system, albeit perhaps of limit-
ed scope, through an open lead from 
an aircraft during a winter transect.
An ability to reach remote sites 
quickly and on short notice in order 
to carry out rapid and detailed pro-
cess observations, such as those re-
lated to discrete events, is likewise 
needed. In the case of a wintertime 
coastal polynya, for example, a suit-
ably instrumented aircraft could fl y 
from the sea ice across the polynya 
and over the ice shelf, recording 
winds, ice conditions, heat fl uxes, 
and ocean-surface wave conditions 
while dropping probes to measure 
subsurface ocean structure. Such fea-
tures are generally inaccessible to 
surface vessels because they are sur-
rounded by heavy pack ice.
As noted above, transition zones 
such as the marginal ice zone are 
often regions of energetic, concen-
trated physical and biological activ-
ity. Overfl ights from an instrumented 
aircraft could provide basic informa-
tion on sea ice, wind, and sea-state 
conditions as well as surface color 
information tied to upper ocean bi-
ota. Although the same information 
can be (and has been) obtained us-
ing a surface vessel, acquisition of 
repeat transects through a given area 
in order to understand interannual 
variability are generally not feasible 
from a ship. It is even possible that 
such transects could be obtained on 
a routine basis, at little cost, using an 
aircraft transiting from a base station 
to the Antarctic across the marginal 
ice zone and pack ice to the south. 
At present, we have insuffi cient in-
formation on interannual change in 
these complex systems on which to 
base an understanding.
Signifi cant changes can come 
about in a physical system due to 
short-period, high-energy events such 
as severe storms. Surface vessels can 
observe these effects if they happen 
to be at the right spot when a storm 
strikes, but are too slow, and also very 
likely to be committed elsewhere, to 
feasibly investigate such events. Un-
der ideal conditions, an aircraft could, 
however, be at the site of an event 
within a day to provide detailed in-
formation on weather conditions. 
Given that severe storms can be pre-
dicted at many locations surrounding 
Antarctica, an aircraft could be used 
to survey a site of particular interest 
both prior to and following a storm. 
Such information will be crucial in as-
sessing that portion of climate-change 
impacts related to changing storm fre-
quency and intensity.
Finally, long-range aircraft can be 
used in conjunction with surface ves-
sels and satellites. The aircraft would 
provide data beyond the geographi-
cal range accessible to the vessel and 
at higher resolution than available 
from the satellite. Effectively, aircraft 
would fi ll in the data-collection gap 
at the intermediate scale between 
shipboard programs that collect high-
resolution data in relatively small 
regions and satellites that collect low-
resolution data over broad swaths.
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2.4.1. SCOPE AND RELEVANCE
The Antarctic atmosphere plays an 
essential role in global climate, and 
can be considered a “test tube” for 
meteorological processes as proposed 
by H.H. Lettau nearly 40 years ago. 
More recently, the Intergovernmental 
Panel on Climate Change has con-
cluded that high-southern-latitude 
processes are sensitive indicators of 
climate change. The Antarctic con-
tinent is of particular importance 
in global-change scenarios because 
of its large continental ice sheets; if 
these ice sheets fully melted, sea lev-
el would rise 65 m, fl ooding coastal 
communities. Most recently, attention 
has focused on the collapse of the 
Larsen B ice shelf (Figure 6), fueling 
speculation that global warming may 
already be impacting Antarctic ice 
masses. Signifi cant teleconnections 
between Antarctica and the tropical 
latitudes have been identifi ed on a 
number of times scales and need to 
be understood before realistic studies 
of longer-term global-change issues 
can be conducted. 
By mid-latitude standards, the 
Antarctic atmosphere remains poorly 
sampled. There exist only a dozen 
upper-air stations to monitor the 
wind and temperature fi elds through-
out the troposphere and lower strato-
sphere, and only South Pole station 
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is available to routinely measure the 
upper-air environment over the in-
terior of Antarctica. The atmosphere 
over the oceanic region to the north 
of Antarctica is the largest data void 
on the planet. Conventional station 
data have been supplemented sig-
nifi cantly by observations from auto-
matic weather stations (AWS) since 
about 1980. Currently, some 100 AWS 
exist over Antarctica that provide 
much-needed data at the surface. An 
enhanced array of satellite-borne sen-
sors will become available in the next 
few years. Integration of the impres-
sive stream of data collected by the 
next-generation sensors will require 
ground-truth measurements that are 
currently not available. 
 One component that still needs 
to be added to the observational 
strategy is a dedicated, instrument-
ed airborne platform. This platform 
would enable measurements of at-
mospheric components and pro-
cesses that are currently not possible. 
Examples include the vertical struc-
ture of wind, temperature, and pres-
sure associated with topographically 
induced circulations or mesoscale 
cyclones; sampling of tropospheric 
chemical constituents and chemical 
processes; and cloud microphysical 
properties. In addition to providing a 
basic understanding of the Antarctic 
atmosphere, these measurements are 
needed to enable development of at-
mospheric and chemical models. For 
example, mesoscale weather-predic-
tion models containing elaborate and 
comprehensive physical representa-
tions of the atmosphere and underly-
ing surfaces are available to the sci-
entifi c community for a wide variety 
of numerical experiments, but have 
not had the detailed validation re-
quired to advance the skill of atmo-
spheric simulations. 
To conduct any of these atmo-
spheric studies, the airborne platform 
must support a payload suffi ciently 
large to carry the required instrumen-
tation and must have long-range ca-
pability to reach critical sites over the 
broad Antarctic continent. 
Antarctic atmospheric stud-
ies are at an important crossroads. 
Nearly 50 years ago the International 
Geophysical Year (IGY) commenced 
with the promise “...to observe geo-
physical phenomena and to secure data 
from all parts of the world; to conduct 
this effort on a coordinated basis by 
fi elds, and in space and time, so that re-
sults could be collated in a meaningful 
manner.” A primary emphasis was 
placed on the polar regions that pre-
viously had been studied in a piece-
meal fashion. Confronted with un-
paralleled issues of global change, 
scientists are now challenged to re-
new the IGY promise.
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2.4.2. KEY QUESTIONS
How are Antarctic atmospheric pro-
cesses linked to the rest of the glob-
al atmosphere? 
Climate phenomena in Antarctica are 
represented by variations that cover 
a wide range of spatial and temporal 
scales. The range of variability of, for 
example, atmospheric circulations, 
cloud cover, and precipitation, is not 
well known for Antarctica because of 
limited analysis and uncertainties in 
new data sources. Airborne measure-
ments of local and regional circula-
tion systems will enable direct assess-
ment of the transport processes at 
work between high southern latitudes 
and the rest of the globe. This knowl-
edge is required to understand and 
model climate variability and change, 
such as that associated with the El 
Niño Southern Oscillation (Figure 13), 
which is concentrated in the South 
Pacifi c sector of Antarctica and is 
poorly understood. 
What role does the Antarctic atmo-
spheric heat sink play in global cli-
mate?
The higher latitudes of the Southern 
Hemisphere, including the ice sheet 
and the surrounding sea-ice zone, 
are one of the two primary areas on 
Earth where there is net loss of ener-
gy from the atmosphere to free space. 
Figure 13. Annual (May-April) ERA-40 mean sea level pressure (MSLP) correlations with 
the Southern Oscillation Index (SOI) for (a) 1980s and (b) 1990s. Also plotted are the SOI 
correlations with MSLP station observations (in red) south of 30°S to validate the ERA-
40 reanalysis. Signifi cance values of the correlations are given next to the color key. 
The decadal variability of the El Niño Southern Oscillation teleconnection is apparent 
between the 1980s and 1990s as the 1990s teleconnection is more signifi cantly marked 
over a larger area of the South Pacifi c. Figure after Fogt and Bromwich (2005).
a
b
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The temperature contrast between 
Antarctica and the equatorial re-
gions modulates the westerlies over 
the Southern Ocean. Recent studies 
with global climate models (GCM) 
have suggested that the hemispheric 
and global atmospheric circulations 
are sensitive to modest changes in 
the clouds over Antarctica. The ex-
tent, phase, and properties of clouds 
are poorly known for Antarctica. 
Airborne studies with advanced 
cloud microphysical sensors will be 
required before an assessment of the 
role of clouds can be made. Sampling 
of the Antarctic clouds requires air-
borne measurements in meteorologi-
cal conditions where alternate land-
ing sites are especially important. 
Presently, ski-equipped, long-range 
aircraft offer the best capability to 
perform this function. 
How does the mountainous topogra-
phy of Antarctica impact the global 
atmospheric circulation?
The Antarctic terrain is the single-
most dominant factor in shaping the 
meteorology over the ice sheet and 
oceanic regions adjacent to the conti-
nent. The broad, high-ice topography 
is an effective barrier to air masses 
impinging on the continent from the 
north. Physical characteristics of the 
ice sheet are responsible for the ra-
diative budget near the surface and 
serve to strongly constrain the dy-
namics of the Antarctic atmosphere. 
Although we know that south polar 
geography is the antithesis of that 
displayed by the north polar ba-
sin and is responsible for the much 
more extreme climatic conditions 
displayed by the atmosphere sur-
rounding Antarctica, a detailed un-
derstanding of the terrain impacts on 
atmospheric circulation is still lack-
ing. Airborne measurements will en-
able the strong control of topography 
to be documented that can, in turn, 
be used to assist in refi nement of nu-
merical models of the terrain-induced 
atmospheric fl ows (Figure 14). These 
measurements require airborne sam-
pling over a wide geographic area. 
What role do the Antarctic ice 
sheets play in global sea-level vari-
ability?
The Antarctic ice sheets store the 
equivalent of 65 m of global sea level. 
Whether these ice masses are gaining 
or losing water to the global ocean is 
very uncertain. Major glacier wast-
age is now being observed along 
the Antarctic Peninsula and in the 
Pine Island Bay region. This could 
be offset by contemporary precipita-
tion increases over the continent as a 
whole, as suggested by atmospheric 
reanalyses and glaciological accumu-
lation measurements. Precipitation 
estimates from atmospheric models 
are likely to provide the defi nitive 
description of Antarctic precipitation 
trends since the IGY, but the results 
depend on cloud and precipitation 
parameterizations that need detailed 
testing. A well-instrumented long-
range research aircraft is needed to 
provide the necessary measurements 
of the atmospheric hydrologic cycle 
over the full range of Antarctic en-
vironments: offshore, the coastal es-
carpment, the intermediate slopes, 
and the high interior. 
What is the nature of air-sea inter-
actions over the Southern Ocean?
The radiative budget of the high 
southern latitudes is strongly in-
fl uenced by surface conditions; ap-
proximately 80% of the incoming so-
lar radiation that hits the permanent 
ice sheet is refl ected back to space. 
Sea ice is also critical to the radiation 
budget. Sea-ice cover varies greatly 
during the year, but covers a maxi-
mum surface area during September. 
At that time, the areal extent of the 
sea-ice cover is larger than the area 
of the continental ice sheet, thereby 
effectively doubling the continental 
area. Sea-ice extent is considered a 
sensitive indicator of global change. 
The refl ectivity of the entire Southern 
Hemisphere is sensitive to the area 
of sea-ice cover; the refl ectivity is ac-
tually higher during summer than 
winter. 
Heat and moisture exchange be-
tween the ocean and atmosphere is 
strongly modulated by sea-ice cover-
age and thickness, and modulates the 
precipitation over the continental ice 
sheet. The momentum exchange be-
tween the low-level winds and ocean 
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is important in the northward trans-
port of ice, development of new ice, 
and the local energy exchanges at the 
air-sea interface. The near-coastal ice 
generation and brine rejection con-
tribute to the formation of Antarctic 
Bottom Water, the densest water 
in the global ocean, which couples 
Antarctica to the rest of the planet 
over the thousand-year time scale. 
Yet, all of these ocean-atmosphere 
interactions are not well understood. 
Airborne studies will enable fl uxes of 
heat and momentum to be evaluated 
at pivotal open-ocean regimes such 
as polynyas where direct interaction 
between atmosphere and ocean is 
present. Many of these regions can-
not be reached with present aircraft 
operating in Antarctica. 
How is the chemistry of the high 
southern latitudes tied to Antarctic 
atmospheric circulation? 
The unique and largely unexplored 
chemistry of the Antarctic tropo-
sphere needs to be understood suffi -
ciently to estimate chemical lifetimes, 
to predict product speciation and 
distribution, and to quantify the in-
fl uence of gas-particle and gas-snow 
surface interactions. Knowledge of 
this same chemistry will also provide 
critical insight into the atmospheric 
factors that infl uence the levels and 
distributions of climate proxy spe-
cies in Antarctic ice cores such as sul-
fate, methane sulfonate, and nitrate. 
In addition to enhancing chemical 
insights, the measurement of oxida-
tion rates in conjunction with those 
of reactive and passive chemical trac-
ers will provide a new mechanism 
by which air mass and chemical 
transport into and over the Antarctic 
Figure 14. Thermal infrared satellite image of 
a topographically generated air stream from 
West Antarctica blowing across the Ross Ice 
Shelf (dark/warm feature in center, now called 
the RAS) in the middle of winter. Simultaneous, 
automatic weather-station observations of air 
temperature (numbers in ºC), wind direction, 
and wind speed are plotted. Figure courtesy of 
D. Bromwich, Ohio State University.
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continent can be quantifi ed. Of par-
ticular importance in Antarctic atmo-
spheric chemistry is the understand-
ing of stratospheric ozone depletion 
and how it impacts global climate. 
Airborne measurement programs can 
be conducted to document particular 
chemical pathways evident at high 
southern latitudes. The instruments 
required to measure the chemical 
species of interest require a heavy-lift 
aircraft; sampling areas of interest re-
quire a long-range aircraft.
2.4.3. THE WAY FORWARD
Antarctica is a critical component of 
the global climate picture, yet the ca-
pability to collect fundamental atmo-
spheric data for studying the role of 
the high southern latitudes in global 
climate is lacking. Many primary 
physical processes that take place in 
the Antarctic atmosphere have never 
been investigated. A fundamental 
requirement for such studies will be 
the availability of a dedicated long-
range, heavy-lift airborne platform. 
Airborne platforms have demon-
strated their capabilities in middle-
latitude studies over the past four 
decades and continue to serve as key 
observational tools in process stud-
ies. The Antarctic environment is a 
far more hostile, remote, and chal-
lenging frontier to conduct airborne 
studies and thus demands an air-
borne platform suited to the require-
ments of the polar atmosphere. 
Requirements of an airborne 
platform include the capability for 
long-duration fl ights at levels from 
the boundary layer to close to the 
tropopause. Measurement of atmo-
spheric state variables (temperature, 
pressure, winds, and atmospheric 
moisture), turbulent fl uxes, cloud 
microphysical parameters, and radia-
tive fl uxes will be required. For up-
per-troposphere fl ights, extensive use 
of dropsondes to monitor the atmo-
spheric structure below fl ight level 
will be necessary. Coordination of 
the airborne missions with ground-
based observations will provide the 
spatial context and representative 
picture that is not available from 
other approaches. Such observations 
will permit a refi nement of physical 
parameterizations within models to 
more properly portray the physics of 
the Antarctic boundary layer and the 
characteristics of clouds. Efforts can 
also be made to coordinate airborne 
missions with satellite overfl ights as 
a means of validating satellite algo-
rithms for retrieval of, for example, 
cloud properties and precipitation. 
Accurate, continent-wide climato-
logical fi elds can then be derived 
from satellite data, permitting more 
detailed studies of the impact of the 
primary modes of atmospheric vari-
ability on Antarctica.
Much of the above discussion de-
tailing requirements of atmospheric 
studies and aircraft requirements 
stems from organizational meet-
ings of Antarctic atmospheric scien-
tists over the past fi ve years. At such 
meetings, a proposal was developed 
to conduct the largest Antarctic at-
mospheric fi eld program to date. The 
fundamental goal of the study, known 
as the Antarctic Regional Interactions 
Meteorology Experiment (RIME, see 
http://polarmet.mps.ohio-state.edu/
RIME-01/RIME.html), is to explore in 
detail the atmospheric processes over 
Antarctica and their interactions with 
lower latitudes via the Ross Sea sec-
tor. The RIME scientists’ universally 
accepted prerequisite for the study 
is a dedicated, state-of-the-art, ski-
equipped airborne measurement plat-
form. It is anticipated that future fi eld 
project planning efforts will result in 
similar conclusions regarding the crit-
ical importance of an airborne plat-
form to sample atmospheric events 
over a wide range of temporal and 
spatial scales.
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2.5.1. SCOPE AND RELEVANCE
Climate is the integrated outcome of 
the interaction of the physical sys-
tems consisting of the atmosphere, 
ocean, cryosphere, and lithosphere. 
It is necessary to understand the ex-
changes of energy among the vari-
ous climate components before pre-
diction of global change is possible. 
Enhanced understanding requires 
extensive interdisciplinary programs 
to enable linkages among the physi-
cal systems to be identifi ed. The at-
mosphere and the ocean interact 
continuously over a broad range of 
temporal and spatial scales. The ice 
shelves marking the seaward edges 
of the Antarctic ice sheet participate 
in these interactions. The ice sheet 
responds to the underlying geology, 
which determines the fl ow patterns 
and the rates at which the glacial ice 
approaches the coastal ocean. The 
time scales intrinsic to the ocean, at-
mosphere, ice cap, and underlying 
earth vary greatly. Interactions that 
are signifi cant climatologically span 
these scales. Any approach for ob-
serving systems within a global or 
climatological context must sample 
rapidly enough to include the daily 
to weekly time scales of the atmo-
spheric and oceanic processes while 
at the same time having suffi ciently 
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broad spatial coverage to allow as-
sessment of the contributing geologi-
cal and ice-sheet features.
 Interdisciplinary studies using 
a long-range instrumented aircraft 
are inherently relevant to climate sci-
ence, especially for the Antarctic, be-
cause many of the key relationships 
that defi ne the present-day climate 
are poorly understood. Interactions 
among the atmosphere, ocean, sea 
ice, and continental ice both impact 
and are infl uenced by changes in 
global climate.
2.5.2. KEY QUESTIONS
We have a physically based, concep-
tual understanding of many of the 
interactions that signifi cantly impact 
climate and the Antarctic environ-
ment. Our observationally based 
knowledge is, however, inadequate 
in many areas to quantify the interac-
tions among components of the cli-
mate system, or to predict impacts. 
The related questions can be as com-
plex as the climate-level interactions 
themselves. The following questions 
stand out among a very large num-
ber of related issues.
How does the snow and ice budget 
of the continental ice sheet respond 
to large-scale perturbations in atmo-
spheric parameters such as tempera-
ture and precipitation? 
Long-term stability of the ice sheets 
requires a balance of glacial ice loss, 
either as icebergs or as freshwater 
runoff, against input as snowfall. 
Vast amounts of freshwater are se-
questered in the ice sheet. Changes 
in the freshwater balance will release 
water to the ocean or remove it from 
the ocean to add to the ice mass. The 
more likely scenario, in view of cur-
rent global warming, would be for re-
lease of water to the ocean with a con-
sequent sea-level rise. A broad spec-
trum of interactive processes needs 
to be quantifi ed and understood 
before we can accurately predict ice-
sheet behavior. At a minimum, we 
need to address precipitation-related 
phenomena, including microstruc-
ture physical processes of clouds that 
control precipitation nucleation, the 
larger-scale synoptic setting as re-
fl ected in storm behavior, and modu-
lations of these processes by orogra-
phy. Flights on the order of 1000 km 
will be needed to capture the fi elds 
of motion associated with cyclones. 
Glaciological studies must determine 
how a specifi c precipitation event is 
recorded in the ice sheet. Airborne 
surveys of snow accumulation are 
needed to understand the responses 
of the ice sheets to precipitation.
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What is the interannual to decadal 
variability in glacial and coastal 
ocean processes that control forma-
tion of dense water?
Key sites for formation of the dense 
water that contributes to the global 
ocean MOC are present in the south-
ern Weddell and Ross Seas and at 
other sites around Antarctica. Dense 
water is also formed in sub-ice cavi-
ties underlying the seaward exten-
sions of ice sheets, particularly in 
the southwestern Weddell and Ross 
Seas. The MOC is strongly impacted 
by ice-sheet movements and by at-
mospheric and sea-ice conditions 
in the coastal oceans surrounding 
Antarctica. Although these processes 
have been modeled and are physical-
ly understood, we lack the observa-
tional basis to quantify or to predict 
interannual or decadal changes in 
Antarctica. Airborne surveys, capable 
of rapid response to discrete events 
and of rapid sampling over synoptic 
scales, can help quantify our under-
standing of the forcing and evolution 
of dense water in coastal areas. Such 
surveys can also help clarify feedback 
mechanisms among winds, open-wa-
ter areas, and cyclonic storms. These 
airborne surveys can provide quan-
titative information on rates of ice 
production and removal, brine rejec-
tion from newly formed sea ice, and 
dense water formation.
How are the Antarctic climate and 
the El Niño Southern Oscillation 
linked, and how might this link im-
pact Antarctic climate and sea ice?
ENSO is a coupled ocean-atmosphere 
phenomenon that, while most pro-
nounced in tropical and subtropical 
Pacifi c Ocean, has clear teleconnec-
tions to the Antarctic where it is a 
signifi cant source of variability on 
interannual and climatic time scales. 
These linkages have been detected 
in the Antarctic atmosphere, in sea 
ice fl uctuations, and in ice cores. We 
anticipate that global warming will 
bring alterations in the frequency and 
intensity of ENSO events and in their 
global teleconnections with regions 
such as the Antarctic. The precise 
mechanisms through which ENSO 
impacts Antarctica, both the ice sheet 
and offshore air-ice-ocean interac-
tions, remain controversial. Airborne 
observations can provide observa-
tions of coupled atmosphere, ocean, 
and sea-ice processes in the Antarctic 
centers of action for ENSO that are 
essential to understanding the mech-
anisms linking the Antarctic climate 
to lower latitudes. 
2.5.3. IMPACTS OF A LONG-
RANGE RESEARCH AIRCRAFT
Perhaps more than the disciplin-
ary issues, scientists studying these 
interdisciplinary climatic problems 
can benefi t greatly through observa-
tions made from a long-range air-
craft. Because these problems involve 
processes spanning a wide range of 
spatial and temporal scales, many 
past observations have been limited 
in their ability to defi ne the scales 
most important to interactions. For 
example, short-range aircraft surveys 
from a remote station can defi ne con-
tinental ice properties over the range 
of their survey area, but cannot ob-
tain near-simultaneous observations 
of conditions over a continent-wide 
area more appropriate to assess ice-
atmosphere interactions. An ocean 
surface vessel is capable of detailed 
observations over only a small region 
relative to the vast Southern Ocean 
that surrounds the continent. An in-
strumented, long-range aircraft ca-
pable of landing at sites other than 
prepared runways can observe many 
of the pertinent processes over broad 
enough areas to provide information 
that is more statistically meaningful, 
and perhaps more relevant from a 
climatological viewpoint, than can be 
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acquired through other means. Such 
a platform is also capable of obtain-
ing these geographically broad data 
sets over short enough time scales to 
comprise a “snapshot” that can be 
fruitfully compared with other snap-
shots obtained during different years, 
seasons, and weather patterns.
In a broad sense, a long-range 
aircraft is a tool for observing pro-
cesses that occupy temporal and 
spatial scales too fi ne to be resolved 
from satellite-borne sensors and too 
large to be reasonably observed using 
platforms having limited mobility or 
range. Such observations would al-
low, from the viewpoint of a small-
scale process study, extrapolation of 
results over a broader area. For an ob-
servational program of continental or 
ocean-basin scale, these observations 
would allow interpolation between 
the smallest and largest scales. There 
is no other facility that can reason-
ably play this role. The most compel-
ling use for such a platform would be 
observations of the atmosphere, ice, 
ocean, and solid Earth related to cli-
mate change over the many temporal 
and spatial scales over which we ex-
pect to see climatological interactions.
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3. Critical Research  
  Capabilities and Needs
To pursue key goals in Antarctic science, it is necessary to acquire a geographically diverse set of fundamental observa-
tions at high spatial and (often) temporal resolution. We currently lack the data sets to build a comprehensive picture of 
the Antarctic environment because of a long-standing gap in our airborne capabilities. Unmanned aerial vehicles (UAVs) 
have been considered to fi ll the gap between satellite measurements and instruments deployed from fi eld camps, seago-
ing vessels, and small aircraft; however, the available capabilities of UAVs are insuffi cient to address key scientifi c ques-
tions identifi ed at the workshop. Civilian access is in a developmental state and the very limited payload of available 
UAVs, their mission profi les, and their operational limitations prevent them from being used in an effi cient way for most 
Antarctic research aviation applications. Workshop participants representing the geology, geophysics, glaciology, atmo-
spheric, and oceanographic communities thus concluded that a multidisciplinary, instrumented, long-range research air-
craft is needed to provide continent-wide surveying capability. Data collected by the large variety of sensors will form 
the basis for a new quantitative description of the dynamic processes that form the present-day polar environment.
3.1. OPERATIONAL 
PLATFORM REQUIREMENTS
The target areas are widespread and 
extend over both continental and 
oceanic regions. To address each key 
question or science discipline, differ-
ent survey designs and sensor con-
fi gurations are required. The solid 
Earth, glaciology, atmospheric, and 
oceanographic communities repre-
sented at the workshop defi ned fi ve 
mission profi les to address research 
and operational issues. This list is not 
comprehensive, but covers generic 
mission scenarios for each discipline 
that are necessary to achieve the vast 
majority of the scientifi c goals.
• Regional aerogeophysical map-
ping (gravity, magnetics, laser, ice-
penetrating radar) of large (>1000 
x 1000 km) areas in the deep interi-
or of the continent on an orthogo-
nal grid of fl ight lines.
• Continuous mapping of sea ice (la-
ser altimeter, ice-penetrating active 
microwave, high-resolution vi-
sual band) along cross-basin tran-
sects over the Ross Sea, Weddell 
Sea, and from the Antarctic 
Convergence to the continent, 
with the capability to drop drifting 
buoys onto the pack ice.
• Regional-scale measurements of 
atmospheric state variables (tem-
perature, pressure, winds, atmo-
spheric moisture), cloud micro-
physics, radiative fl uxes, and tur-
bulent fl uxes in an area from the 
South Pole to approximately 65°S. 
Extensive use of dropsondes to 
monitor the atmospheric structure 
below fl ight level.
• In-transit measurements of in situ 
atmospheric chemistry plus up-
and down-looking LIDAR mea-
surements between South Pole and 
coastal sites and also into deep in-
terior of the continent.
• Localized aerogeophysical map-
ping (laser, ice-penetrating radar) 
of outlet glaciers, and grounding 
lines around the perimeter of the 
entire Antarctic continent. 
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Details of specifi c requirements for 
each mission profi le are given in 
Appendix 4. Common to all mis-
sion profi les is the need for an air-
craft capable of carrying an integrat-
ed payload of remote sensing and 
in situ sensors over long-distances. 
Almost all mission profi les require 
data acquisition in remote regions 
more than a thousand nautical miles 
away from existing landing sites for 
wheeled aircraft in Antarctica. To 
get to the target area and be able to 
survey for several hours requires a 
fl ight endurance of at least 10 hours 
or the capability to refuel at remote 
locations. In addition, the research 
goals outlined in this report require 
fl ights that maintain altitudes from a 
few hundred meters to at least 7 km. 
Some of the airborne mission profi les 
(solid Earth) require slow operational 
speeds for measurements, which sug-
gest the use of a slower aircraft, such 
as a turboprop. 
Atmospheric chemistry and phys-
ics research requires a heavy aircraft 
with long-range endurance, and sig-
nifi cant load-carrying capability. The 
payload requirements range from 
2,500 lbs for solid Earth and glaci-
ology missions to 12,000 lbs for at-
mospheric chemistry missions. The 
number of mission scientists neces-
sary to operate the equipment on the 
aircraft ranges from 3 to 16. There 
was a brief discussion during the 
workshop about what type of air-
craft could potentially meet these 
requirements. Platforms that have 
been discussed include ski-equipped 
LC-130s, a wheeled P-3 Orion, and a 
ski-equipped Basler BT-67. The key 
issue seemed to be whether existing 
wheeled aircraft would satisfy the 
operational requirements outlined in 
the mission profi les above. 
The optimum scenario would be 
to have a variety of platforms avail-
able for use by the Antarctic scientifi c 
community. If only a single long-
range research aircraft were avail-
able, an LC-130 could accomplish the 
broadest spectrum of scientifi c goals 
identifi ed at the workshop, providing 
the best combination of endurance, 
payload, altitude, speed ranges, and 
power supply that is needed for all 
mission scenarios (Figure 15). A cost-
effective use of an airborne research 
platform might be achieved through 
cooperation among the various sci-
entifi c disciplines and by combining 
missions or piggy-backing some in-
struments onto other experiments.
3.2. AIRBORNE 
INSTRUMENTATION
A. STANDARD
There was general agreement at the 
workshop that a basic instrument 
suite should be operated on each 
survey fl ight, independent of the sci-
entifi c objective, and that these data 
should be archived and made pub-
licly available. Capturing a core data 
set was seen as a cost-effi cient way to 
improve the extremely poor data cov-
erage of the Antarctic continent. The 
list of basic measurements in Table 3 
Range
Refuelling
Altitude
Floor Space
Payload
Low
Priority
High  
Figure 15. Aircraft requirements identifi ed and prioritized from the scien-
tifi c missions. 
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Table 3.
Basic Instrument Suite:
Sensors that will be fl own on the 
aircraft for each research fl ight G
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Positioning: Time, inertial reference 
system, GPS, fl ight data recorder
x x x x
Altitude above ground/water from 
laser/radar altimeter
x x x x
Atmospheric state variables (tempera-
ture, pressure, moisture, winds)
x x x
Basic cloud parameters x x x
Digital photography (not mapping) x x x x
Surface temperature x x x
Atmospheric chemistry (ozone, water) x
Ice-penetrating radar (if small and 
automated operation)
x x x
Magnetometer (only if automated 
operation is possible)
x x
includes only instruments that can be 
operated in a semi-automated way, 
without additional support from 
equipment operators.
B. EXPERIMENT OR DISCIPLINE-
SPECIFIC MEASUREMENTS
 Many of the instruments for dis-
cipline-specifi c measurements are 
available within the community and 
have already been used on a vari-
ety of research aircraft. The current 
lack of an airborne research platform, 
modifi ed to accommodate the instru-
ments, is the main reason why these 
existing sensors cannot be deployed 
in Antarctica. For the solid Earth and 
glaciology communities, with the 
exception of the near-surface accu-
mulation radar that is currently be-
ing developed at the University of 
Kansas, all sensors exist within the 
community. The accumulation ra-
dar is planned to be operational and 
available by the time a long-range 
research platform exists. Sensors re-
quired for oceanography also exist 
except for a new multiband micro-
wave sensor that is being developed 
and requires an open rear cargo door 
for operation. Atmospheric sensors 
are all fl own on the NSF/NCAR C-
130Q and other aircraft. Table 4 pro-
vides a list of examples of currently 
available, discipline-specifi c sen-
sors that are known to be needed for 
Antarctic studies. Also included in 
Table 4 are the special requirements 
that must be met in order to install 
them on a research aircraft. This list is 
not meant to be exhaustive, as other 
instruments, including ones currently 
under development, would likely be 
added to this list for many discipline-
specifi c studies. 
An Antarctic research aviation 
facility should have the greatest pos-
sible fl exibility. In addition to provid-
ing the list of measurements in Table 
4, individual investigators should be 
able to test new sensors. 
3.3. ANTICIPATED AIRCRAFT 
MODIFICATIONS AND 
REQUIREMENTS
To accommodate the wide spectrum 
of instrumentation listed in Table 4, 
any existing aircraft would have to 
be extensively modifi ed. In prepa-
ration for this LARA workshop, in 
December 2003, a small group of sci-
entists, broadly representing the solid 
Earth, glaciology, oceanography, and 
atmospheric science communities, 
visited the Research Aviation Facility 
(RAF) of the National Center for 
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Atmospheric Research (NCAR). The 
objective of this visit was to estimate 
the scope of modifi cations required 
for the production of a NSF LC-130 
aircraft with research capabilities. 
RAF engineers shared their experi-
ence with the group of scientists. The 
assessment was done for the specifi c 
case of an LC-130, but the challeng-
es will be similar for other types of 
aircraft. The scope of modifi cations 
will not only depend on the type of 
aircraft, but also on a particular con-
fi guration of a candidate aircraft. The 
following sections summarize the 
discussions from the NCAR site visit. 
The full report can be accessed on the 
workshop website (http://polarmet.
mps.ohio-state.edu/lara).
Fuselage Apertures. Numerous 
sensors require penetrations in the 
fuselage for viewports and for air 
sampling, such as laser altimeters, 
digital aerial cameras, and many at-
mospheric sensors. The NSF/NCAR 
C-130Q aircraft for atmospheric re-
search has 11 large fuselage aper-
tures. Any long-range research plat-
form for Antarctic atmospheric sci-
ences will probably require a similar 
number of ports. RAF has experience 
with the design and installation of 
large fuselage apertures on C-130s. 
External Structures. A number of 
instruments require external mount-
ing on the fuselage. Examples include 
antenna structures for ice-penetrat-
ing radar mounted under the wings, 
wingtip pylons for atmospheric sci-
ences, wing pods and magnetometers 
mounted on non-magnetic stingers, 
or booms on the wing tips. Most ex-
ternally mounted sensors require 
data and power cabling from the sen-
sor to the main cabin.
Power Requirements. Most 
of the measurements and sen-
sors require a stable power supply. 
Aerogeophysical and glaciological 
missions are on the low end and re-
quire less than 10 kVA. Atmospheric 
chemistry missions represent the up-
per end, with power requirements up 
to 40 kVA.
3.4. FACILITY MANAGEMENT 
AND STRUCTURE
The workshop agenda included a 
brief discussion on the structure of a 
possible Antarctic research aviation 
facility. The series of presentations 
was intended to start a discussion 
among the workshop participants 
and within the Antarctic scientifi c 
community on issues related to facil-
ity structure. This initial discussion 
will have to be followed by a detailed 
planning workshop that produces an 
implementation plan for a research 
aviation facility. Two end-member 
models for a facility were considered: 
(1) the facility provides the platform 
and basic data sets that are needed 
for each scientifi c discipline or mis-
sion and (2) the facility operates the 
platform, provides a comprehen-
sive set of measurements as needed; 
maintains and calibrates all necessary 
sensors; and reduces, archives, and 
disseminates the acquired data. 
The multidisciplinary nature 
of the LARA platform will require 
a unique and comprehensive data 
management plan. This plan, which 
should be developed as a part of the 
LARA implementation plan, should 
include: (1) metadata guidelines for 
all LARA data sets, including calibra-
tion parameters; (2) appropriate data 
format specifi cations (e.g., NetCDF 
and ASCII); (3) plans and procedures 
for providing archival and communi-
ty-wide access to data; (4) data policy 
guidelines; (5) procedures for collect-
ing and processing data; and (6) a list 
of real-time data needs (e.g., for in-
strument control or fl ight operations).
Because of the operational com-
plexity involved in operating a 
heavy aircraft with a large num-
ber of sensors and measurements, 
workshop participants agreed that 
a central management group is nec-
essary to successfully run such a fa-
cility. Participants generally agreed 
on a preliminary list of sensors that 
should be operated by such a facil-
ity (Table 3). In addition to operat-
ing and maintaining these sensors, 
the facility should allow individual 
investigators to operate their own 
equipment on the aircraft.
Among the issues that have to be 
discussed in a future workshop are 
the allocation of scientifi c missions 
through a competitive process, and 
scientifi c and technical oversight of 
the facility. Because extensive modi-
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Measurement or Sensor Comments/Requirements
Ae
ro
ge
op
hy
si
cs
Multi-frequency, ice-penetrating radar, including deep ra-
dar sounder and an accumulation radar
Externally mounted antenna structures require wing 
attachment points and cables within the wing struc-
ture
Synthetic Aperture Radar (SAR) for imaging and inter-
ferometric studies 
Externally mounted, low-profi le planar antenna ar-
rays mounted fl ush on the underside of the aircraft 
wings or fuselage, cables 
Airborne laser scanner/swath laser and laser altimeter Nadir-directed viewport in fuselage, differential 
GPS, INS
Digital photogrammetry camera Differential GPS, INS, large (30”) nadir-directed 
viewport
Gravimeter Mounting in center of gravity of aircraft, differential 
GPS positioning, autopilot
Magnetometer (gradients?) Non-magnetic sensor booms (3 m) at wing-tips, 
and/or non-magnetic tail boom, cables
Imaging spectrometer Differential GPS, INS, nadir-directed viewport in 
fuselage
At
m
os
ph
er
ic
 S
ci
en
ce
s
Temperature (reverse fl ow)
Pressure (e.g., Rosemount 1501)
Dew point/humidity (chilled mirror, licor for fl uxes)
Liquid water (Gerber PVM100 also DMT LWC-100)
Cloud droplet spectra (FSSP-100)
Cloud droplet/precipitation (260x (one-D), 2D-C, 2D-P)
IR-surface temperature
Upwelling/downwelling shortwave and longwave radi-
ation (spectroradiometers, Eppley PSP/PIR)
Up- and downward-looking viewports
Standard chemical parameters CO, O3, CO2, TDL H2O
Photochemistry, reactive nitrogen and sulfur chemistry, 
and aerosol size and composition
Space for racks of mass spectrometers, laser systems, 
gas chromatographs, etc., with adjacent inlet mount-
ing points for large inlets, under-wing hard points 
with a capacity of 100 lbs each near wing tips for 
particle measurements
LIDAR Co-aligned up- and down-looking viewports
High-rate winds, temperatures (Friehe-type probe)
Dropsondes Launch mechanism for expendable probes
Miscellaneous remote sensing (e.g., Wyoming cloud ra-
dar)
Table 4. Currently available discipline-specifi c sensors and mounting need.
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Measurement or Sensor Comments/Requirements
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Radiometers (sea and ice-surface temperatures with an 
accuracy of 0.02°C)
Surface salinity (new multiband microwave sensor being 
developed)
Multiband radiometers (sea-surface color)
Line scanner systems for ice thickness
Laser altimeter (ice freeboard and for altimetric work on 
shelf ice)
Nadir-directed viewport in fuselage, INS
XBTs (temperature), XCTDs (temperature and conductiv-
ity) and XCVs (current velocity)
Launch mechanisms for expendable air-dropped 
probes
Downward-looking, high-resolution digital cameras Large nadir-directed viewport in fuselage, INS
Solar radiation balance Upward- and downward-looking sensors mounted 
above the fuselage between the wings and under the 
fuselage in the tail section. Positions have to be op-
timized to suppress shading effects by parts of the 
aircraft such as landing gear and rudder.
Deployment of sea-ice buoys from aircraft Launch mechanism, large cargo door
N
av
ig
at
io
n
Inertial navigation and GPS GPS antennas and INS to determine aircraft geo-
graphic position, aircraft attitude (pitch, roll, and 
heading), horizontal and vertical components of air-
craft ground speed
Flight data recorder Time
Radar and laser altimeters to determine the aircraft’s geo-
metric height (altitude) above ground or water
Nadir-directed viewport and radome antenna
Table 4. Continued.
fi cations of the aircraft are needed 
to accommodate the various instru-
ments, a schedule for the modifi ca-
tion of the aircraft should be devel-
oped that is compatible with the spe-
cifi c missions planned for the aircraft. 
Mission planning will also require 
extensive coordination among the 
various groups wanting access to the 
platform. For example, the upload 
period for research missions is likely 
to require one to two months and it 
is unlikely that major confi guration 
changes will occur during an experi-
ment due to this time constraint. This 
will require carefully developed pay-
loads so that the greatest number of 
investigator can be accommodated 
during an experiment. 
Developing an airborne research 
facility that serves the broad needs 
of the Antarctic community is a con-
siderable challenge. To be success-
ful, it will require effective collabora-
tion and coordination among a very 
interdisciplinary group of scientists 
in. It will also require initial and sus-
tained support from the funding 
agency at a higher level than is typi-
cally done in grants for individual 
research projects. The results of the 
workshop indicate that such a facil-
ity is long overdue. 
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Appendix 2. Final Agenda
MONDAY, 27 SEPTEMBER 2004 (SALON AB)
08:00 - 08:10 David Bromwich, Overview and Objectives of the Workshop 
08:10 - 08:30 Scott Borg, Remarks from NSF/OPP Perspective
08:30 - 08:45 Waleed Abdalati, NASA’s Perspective on Polar Remote Sensing 
Session 1: Solid Earth
08:45 - 09:45 Chair: Michael Studinger
08:45 - 09:15 Carol Finn, REVEAL Overview
09:15 - 09:45 Terry Wilson, Geology and Geophysics Science Goals
Session 2: Glaciology 
09:45 - 10:45 Chair: Bea Csatho
09:45 - 10:15  Waleed Abdalati and Mark Fahnestock, Glacial Dynamics
10:15 - 10:45 Ted Scambos, Remote Sensing for Ice Sheet Mapping 
10:45 - 11:00 COFFEE BREAK
Session 3: Atmospheric Science
11:00 - 12:00 Chair: David Bromwich
11:00 - 11:30 Tom Parish, Antarctic Airborne Atmospheric Science
11:30 - 12:00 Fred Eisele, Airborne Atmospheric Chemistry
Session 4: Oceanography/Sea Ice
12:00 - 13:00 Chair: Robin Muench
12:00 - 12:30 Don Perovich, Sea Ice Studies
12:30 - 13:00 Jamie Morison, Polar Physical Oceanography
13:00 - 14:00 LUNCH BREAK, lunch on-site
14:00 - 15:00 Poster Session
15:00 - 17:30 Break-Out Discussion (Solid Earth, Glaciology, Atmospheric Science, Oceanography)
  Science Objectives, Sensors, Instrumentation, Data Collection (Sampling)
18:00 - 20:00 Icebreaker – Hotel Prefunction Area/Salon A (cash bar)
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TUESDAY, 28 SEPTEMBER 2004 (SALON AB)
Break-Out Group Reports
08:00 - 09:40  (15 min report + 10 min. discussion each)
  Solid Earth: Michael Studinger
  Glaciology: Bea Csatho
  Atmospheric Sciences: David Bromwich
  Oceanography, Sea Ice: Robin Muench
09:40 - 10:00 COFFEE BREAK 
Session 5: Capabilities and Opportunities of Research Aircraft
10:00 - 13:00  Chair: Robin Muench
10:00 - 10:30 Jeff Stith, NSF NCAR/RAF C-130Q and Candidate Aircrafts, HIAPER
10:30 - 10:45  Bill Krabill, NASA/WFF, Ice Sheet Mapping with Long Range Aircraft
10:45 - 11:00 John Brozena, NRL, Long-Range Wheeled Aircraft for Antarctic Science
11:00 - 11:15 John Holt, UTIG, Comparison of Airborne Platforms for Aerogeophysical Research in Antarctica
11:15 - 11:30  COFFEE BREAK
11:30 - 11:45 David Braaten et al., Univ. of Kansas, Advanced Radar Systems for Airborne Ice Thickness 
  Measurements and Near-Surface Internal Layer Mapping
11:45 - 12:00 Christopher Zappa, LDEO, Toward a Modular Airborne Observing System for Antarctic Research
12:00 - 12:15  Terry McConnell, Magnetic Gradiometry
12:15 - 12:30 Tom Farr, NASA/JPL, Airborne Remote Sensing of Mars Analogue Sites in Antarctica
Followed by  Discussion
13:00 - 14:00 LUNCH BREAK
Session 6: Overview of Existing Aircraft Facilities: Models for Management Structure
14:00 - 15:30  Chair: Carol Finn
14:00 - 14:30 Gary Shelton, Overview on Existing Models
14:30 - 15:00 Heinz Miller, Alfred-Wegener-Institute Aircraft Operations: Case Studies and Lessons Learned
Followed by  Discussion about Operation, Data Policies and Instrumentation
15:30 - 15:45 COFFEE BREAK
Session 7: Desired Facility Model and Instrumentation
15:45 - 17:00 Chair: Robin Bell
15:45 - 16:00 Jerry Mullins, Research Applications of Airborne Digital Sensors and LIDAR systems 
16:00 -   Carol Finn, Summary and Opening of Discussion: Confi guration, Instrument Maintenance, 
  Operations, Data Reduction/Products
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WEDNESDAY, SEPTEMBER 29, 2004
Session 8: Aircraft Operations and Safety Considerations for Polar Research Aircraft
08:00 - 09:00 Education of Scientists
08:00 - 08:30 Overview by Mike Scheuermann and Brian Stone
  Alternate Landing Sites, Weather Constraints, Range, Altitude, Payload, 
  Conversion: Roll-on/Roll-off, Power 
  Discussion
Session 9: Data Policies, Data Management, Data Archiving
09:00 - 10:00 Richard Dirks and Jim Moore (NCAR), Data Management Considerations for the 
  Dedicated Polar Research Aircraft
  Ted Scambos (NSIDC), Science Data Management for Antarctic Aerogeophysical Data 
  from the Proposed Airborne Platform
  Discussion
10:00 - 11:00 Panel Discussion: Develop Road Map, Implementation Plan, Proposal Writing
  Closing Remarks: Bea Csatho
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Appendix 3. Poster Presentations
Behlke, Rico (Uppsala Univ., Uppsala, Sweden), Airborne 
remote sensing campaign over Svalbard
Behrendt, John (Univ. of Colorado, Boulder, CO), Use of 
LC-130 “Science” aircraft for long range aerogeophysi-
cal surveys in Antarctica, experiences from the late 
1970s
Blankenship, Donald (Univ. of Texas, Austin, TX) et 
al., Investigating the crustal elements of the central 
Antarctic Plate (icecap): How long-range-aerogeophys-
ics is critical to understanding the evolution of the East 
Antarctic ice sheet
Braaten, David (Univ. of Kansas, Lawrence, KS), 
Advanced radar systems for airborne ice thickness 
measurements and near-surface internal layer mapping
Fahnestock, Mark (Univ. of New Hampshire, Durham, 
NH), The use of ice penetrating radar profi les for large 
area mapping of long-term accumulation and vertical 
strain rates: an example covering 10,000 line kilometers 
in Greenland
Kim, Edward (NASA/GSFC, Greenbelt, MD), The 
Airborne Earth Science Microwave Imaging 
Radiometer (AESMIR)
Lazzara, Matthew (AMCR/Univ. of Wisconsin, Madison, 
WI), The use of existing instrumentation on a long-
range science aircraft for Antarctica
Lubin, Dan (Scripps Institution of Oceanography, La Jolla, 
CA), Aircraft remote sensing of Antarctic cloud micro-
physical and radiative properties
Matsuoka, Kenichi (Univ. of Washington, Seattle, WA), 
Polarimetric radar measurements of the interior ice to 
reveal ice-fl ow induced features
Powers, Jordan (NCAR, Boulder, CO), Numerical weather 
prediction in Antarctica and a long-range aircraft for 
Antarctic research
Shum, C.K., Chris Jekeli (OSU, Columbus, OH), Bea 
Csatho et al., Interdisciplinary Antarctic Research in 
Geodesy Using an Instrumented, Long-Range Aircraft
Vogel, Stefan (BPRC, OSU, Columbus, OH) et al., 
Investigating the sub-glacial environment and geol-
ogy of Antarctica by direct means, a new frontier in 
Antarctic research
Von Frese, Ralph (OSU, Columbus, OH), Aerogeophysical 
Polar Explorer (Apex) for bi-polar lithospheric investi-
gations
Wilson, Doug and Bruce Luyendyk (UCLA, Santa 
Barbara, CA), Aerogeophysical survey of the continent-
ocean transition of Pacifi c West Antarctica
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Appendix 4. Mission Scenarios
REGIONAL AEROGEOPHYSICAL MAPPING
Survey characteristics: geophysical mapping (gravity, magnetics, laser, ice-penetrating radar) of large (>1000 x 1000 
km) areas in the deep interior of the continent on a orthogonal grid of fl ight lines. Flight line spacing should be 10 km 
or less. Tie lines are usually spaced 3-4 times the fl ight line spacing.
Particular aircraft requirements: Radar antenna structures need to be mounted externally under the wings. A nadir di-
rected viewport with defrost capability is required for the laser altimeter.
Ground requirements: 24x7 power and heat to aircraft. Refueling close to survey area.
Locations: deep interior of the continent, e.g., Gamburtsev Subglacial Mountains, continental margins that are inacces-
sible for ships due to sea-ice cover
Duration Range Altitude Power Space Weight Seats for Scientists
10+ hours 2500+ nm 500 m above surface <10 kVA 3x19” racks 2.5 Klbs 3-4
SEA ICE TRANSECT
Survey characteristics: Continuous mapping (laser altimeter, ice-penetrating active microwave, high resolution visual 
band) along cross-basin transects with the capability to air drop drifting buoys on the pack ice.
Particular aircraft requirements: Deployment of buoys from aircraft. Nadir directed openings through fuselage of air-
craft. 
Ground requirements: Aircraft access and refueling adjacent to survey area.
Locations: Ross Sea, Weddell Sea (need to land and refuel), Antarctic Convergence to continent. 
Duration Range Altitude Power Space Weight Seats for Scientists
10+ hours 2500+ nm 1000 m above surface 10 kVA 2x19” racks 2.5 Klbs 4
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ANTARCTIC REGIONAL INTERACTIONS METEOROLOGY EXPERIMENT (RIME) 
Survey characteristics: A wide variety of mission profi les will be needed from low-level, nearby fl ying to remote 
missions operating near the tropopause. A diverse array of sensors can be anticipated depending on the mission. 
Airborne deployment of instruments is also a desirable feature.
Particular aircraft requirements: Dropsonde capability. 
Ground requirements: Some ground laboratory space. Access to aircraft sensors.
Locations: From/to McMurdo 
Duration Range Altitude Power Space Weight Seats for Scientists
8-10 hours 2500+ nm Low level to 400 mb 15 kVA 32x19” racks 5 Klbs 6
ANTARCTIC CHEMISTRY INVESTIGATION (ANTCI) 
Survey characteristics: In-transit measurements of in situ atmospheric chemistry plus up and down looking LIDAR 
measurements. Measurements location would be between South Pole and coastal sites and also into deep interior of 
the continent. 
Particular aircraft requirements: 6 - 8 sampling ports, plus window ports, and up and down looking LIDAR and spec-
troradiometer ports. Under wing hard points for aerosol (large particle/droplet) measurements.
Ground requirements: Heated laboratory. 24x7 heat and power to aircraft (most instruments would not require 24x7 
heat and power on the aircraft at McMurdo but probably would at the pole). Access to aircraft sensors. 
Locations: Remote skiways. 
Duration Range Altitude Power Space Weight Seats for Scientists
10 hours 2500+ nm Mostly low level, some 
high level up to 7 km, and 
profi les in between
40 kVA 10x19” racks 10-12 
Klbs
16
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GLACIOLOGICAL SURVEY OF INTERNAL LAYERING, OUTLET GLACIERS 
AND GROUNDING LINES 
Survey characteristics: Profi ling of surface elevation, internal layering (both near surface with broadband high frequen-
cy shallow radar, and through the entire ice thickness with a more conventional ice penetrating radar), ice thickness, 
and bed scattering characteristics along fl ight lines which may be oriented along fl ow lines, transverse to fl ow, and 
along previously determined elevation profi les. There are two likely fl ight scenarios: 1) long-range profi ling at 400 m 
AGL of internal layering and ice thickness over the interior for recovery of accumulation and ice fl ow information, 
typically tied to earlier profi les or directly to ice core sites where the ice age-depth profi le is known. Flights along 
fl ow lines are not required to retrieve this information, but in some cases could be benefi cial. These fl ights would not 
likely be repeated unless they crossed rapidly fl owing ice streams or outlet glaciers that might be changing. 2) Studies 
of remote outlet glaciers that may be rapidly changing – the fl ight plan here would use a high altitude transit to the 
site to save fuel and maximize the line kilometers that could be fl own at ~400 m AGL over distant outlet glaciers, 
where the fl ight patterns would be along fl ow across the grounding line, and across fl ow at a number of points to de-
termine channel geometries so that the fl ux of the system could be measured at a number of gates. Typically these 
fl ights over outlet glaciers would be repeated in one to a few years, so that changes in surface elevation (ice volume) 
could be measured.
Particular aircraft requirements: Radar antenna structures need to be mounted externally under the wings, with the 
possibility of fuselage mounting for higher frequency radars. A nadir directed viewport (>16”) with defrost capabil-
ity is required for a scanning laser altimeter, with precise pointing capability. The ability to fl y the aircraft within ~30 
m of previous or pre-determined fl ight lines is required, so that surface elevations will overlap spatially with earlier 
measurements.
Ground requirements: Heat and power to aircraft prior to fl ights. Access to aircraft sensors.
Locations: interior and perimeter of the entire Antarctic continent. 
Duration Range Altitude Power Space Weight Seats for Scientists
10+ hours 2500+ nm 1) 400 m AGL on long 
profi les in the interior
2) 400 m on site, high eleva-
tion in transit to study sites
<10 kVA 2x19” racks 2.5 Klbs 3-4
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